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1. Introduction
In RAN1#77, following agreements were made [1].
Agreements:
· The following parameters of interfering cells are signaled by higher layer

· Cell ID, PB
· CRS ports, i.e., 1, 2, and 4

· MBSFN pattern

· Restricted subset of combination of virtual cell ID and nSCID for TM10

· Maximum subset size of combination of virtual cell ID and nSCID is in the range from 6 to 12, but number of blind detection in a subframe may be less than maximum subset size of combination of virtual cell ID and nSCID
· Restricted subset of PA 

· Subset size of  PA  at most 3 (baseline) or 4 values
· Synchronization of CP, slot, SFN, subframe and common system bandwidth for the serving cell and interfering cells are not signaled

· Synchronization of those parameters can be implicitly assumed at the UE when any higher layer signaling for NAICS is present

· UEs can assume the interference PDSCH resource allocation is at least 1 PRB pair when higher layer signaling for NAICS is present

· A larger interferer parameters granularity in frequency (resource allocation and precoding granularity) can be signaled to UE without any impact on scheduling in the network

Agreements:
· The following parameters of interfering cells are signalled by higher layer

· Restricted subset of PA 

· Data RE to RS power offset values should apply to QPSK PDSCH transmissions 

·  The exact values of PA will be determined until RAN1#78, including existing values and possible new values
· Working assumption: TM(s) used in eNB
· “x” bits to represent supported TMs, i.e., TM1, TM2 (a “fallback” mode),TM3,TM4,TM6,TM8,TM9,TM10
· FFS: QCL
· FFS: Zero power and non-zero power CSI-RS configuration (Optionally provided by eNB)
· FFS: PDSCH starting position

· FFS: TDD UL/DL configuration of interfering cells
· FFS: How to associate the above higher layer signalling with a cell ID or other parameters (e.g., virtual cell ID, nSCID)
· Network assistance signalling from serving eNB can be provided to UEs without any new NAICS-specific report/trigger from a UE
· FFS: Network assistance signalling from serving eNB can be provided to UEs with new NAICS-specific trigger, and if so the triggering event/condition
·  RAN1 will continue the discussion whether to support of 4 CRS APs based CRS-based TMs and whether NAICS precoding matrix assistance signalling may be needed in this case.
· Prepare draft LS (R1-142702) to RAN2, RAN4 (and cc: RAN3) until Friday morning – Jeff (Mediatek)
· Indicate RAN2 that some companies prefer to use “transmission scheme(s)” as an alternative higher layer signalling to “TM(s)”

Email discussion/approval until 24th June for above FFS parts, maximum subset size of PA, maximum subset size of combination of virtual cell ID and nSCID, and additional LS to RAN2 – Jeff (Mediatek) 
In this document, email discussion [77-21] is summarized.
2. Discussion
Based on the agreement, the following issues are still open after RAN1#77:
· The following parameters of interfering cells are signalled by higher layer

· Restricted subset of PA 

· Subset size of  PA  at most 3 (baseline) or 4 values
· Data RE to RS power offset values should apply to QPSK PDSCH transmissions 

·  The exact values of PA will be determined until RAN1#78, including existing values and possible new values
· Restricted subset of combination of virtual cell ID and nSCID for TM10

· Maximum subset size of combination of virtual cell ID and nSCID is in the range from 6 to 12, but number of blind detection in a subframe may be less than maximum subset size of combination of virtual cell ID and nSCID

· FFS: QCL
· FFS: Zero power and non-zero power CSI-RS configuration (Optionally provided by eNB)
· FFS: PDSCH starting position

· FFS: TDD UL/DL configuration of interfering cells

· FFS: How to associate the above higher layer signalling with a cell ID or other parameters (e.g., virtual cell ID, nSCID)
· Network assistance signalling from serving eNB can be provided to UEs without any new NAICS-specific report/trigger from a UE
· FFS: Network assistance signalling from serving eNB can be provided to UEs with new NAICS-specific trigger, and if so the triggering event/condition
·  RAN1 will continue the discussion whether to support of 4 CRS APs based CRS-based TMs and whether NAICS precoding matrix assistance signalling may be needed in this case.
Rapporteur suggests conducting the email discussion in these three areas:
1) HL signaling parameters:
a. Example questions to address: 3 or 4 PA values? What are the exact values? What is the system consideration? Any analysis and simulation support?
	Company name
	Proposal and explanation (on PA)

	NVIDIA
	We prefer to stick with a maximum of three values. On the exact values, we note just that in addition to the number of values, what matters to the UE blind estimation performance is the spacing between the values, e.g. whether that can be for instance less than 3 dB, as the larger the spacing the more easily the UE can distinguish between the different values. So if we start specifying exact values that can be included in the set (instead of just saying that it is a subset of 3 or 4 values from current set + potentially some extra values), then we would prefer having the possible values with a minimum spacing of 3 dB. Regarding whether smaller P_A values could be included than in the current P_A set for downlink power control purposes with QPSK, we do not have a very strong view.

	LG Electronics
	From our understanding, multiple PA values are useful only for edge UE performance typically using QPSK, so it is worth considering to separate the subset for 16/64QAM and QPSK and to indicate single value for 16/64QAM and two values for QPSK; the total subset size is 3. Also, we think existing PA values are enough for QPSK unless new values provide clear benefits.

	Broadcom
	We also prefer small subset of 3 P_A values rather than 4.

	Ericsson
	In our understanding, there have not been many performance results or complexity analyses of the number of PA values.  Therefore, RAN4 analyses of blind detection feasibility and performance trade-offs are needed to determine the number of PA values to signal.   
Because restrictions on power offsets have not been applicable for QPSK prior to NAICS, any new offsets should allow for additional values of PA in order to limit network restrictions. NAICS should have some possibility to operate efficiently in hetnet scenarios with cell range expansion including a mix of legacy and NAICS UEs.  For example, if there is a legacy UE operating in 9 dB CRE, and if we want to protect the legacy UE by reducing the aggressor PSDCH by more than 6 dB, the NAICS UE would then not be able to cancel such a QPSK interferer. Since feICIC operation has not been studied for NAICS, it is therefore difficult to determine the exact values that could be needed, especially in a real network.  Also, power offset signalling may not be needed in the case the dominant interferer is very strong.   
Therefore, we propose the power offset values to be signalled are taken from the set {-12, -10.77, -9, - 7.77, -6, -4.77, -3, -1.77, 0, 1, 2, 3} in which {-12, -10.77, -9, - 7.77} are applicable to QPSK only. It should also be further discussed if this offset signalling is used for all network configurations.
It appears difficult to foresee exact values that can meet the needs of real deployments.  Hence, the power offset values should be configurable, and it should be up to the network to signal values taking into account the UEs feasibility to detect the actual power offset reliably within the signalled set of possible offsets.

	Intel
	The higher layer signalling of a subset of 3 power offset values that can potentially be used in the interfering cell is sufficient. The exact values should belong to a predefined set (e.g. from {-6, -4.77, -3, -1.77, 0, 1, 2, 3}). The total predefined set of values can be extended to include practical QPSK-based power offset parameters, which are currently not constrained in accordance to RAN1 specification.
For serving cell we prefer to extend the existing Pa value (currently defined for 16QAM/64QAM modulations only) for QPSK transmissions as well. However, the indicated Pa should be used by the UE only for PDSCH demodulation scheduled by user-specific RNTI (e.g. C-RNTI) only, to avoid restrictions on the possible power offset settings for broadcast QPSK transmissions (e.g. SI-RNTI).

	Samsung
	We also prefer 3 Pa values. One thing we want to clarify here is that Pa subset size 3 is per candidate cell (i.e. Cell-ID). Even though we believe one Pa value is used in a single cell at least in current real network, we are fine with the subset size 3 per candidate cell for future network flexibility. The subset size 3 per candidate cell already guarantees enough network operation flexibility. Regarding power offset values for QPSK, we prefer using the current Pa values rather than introducing new values. But if someone can provide a clear use case, we are open to the new values in understanding that those values will not bring additional BD burden to UE.

	Nokia & NSN
	We would like to first note that selecting the exact number of values is under the RAN4 scope which currently evaluates both the complexity and blind detection impact. From this perspective, we have shown in R4-143359 that there is no performance impact when considering 4 values as such. From the RAN1 perspective, more relevant to this discussion is the desire to preserve the network flexibility in handling these power offsets. Naturally the fact that there are 8 values to start with, is a clear indication the original LTE design sees a benefit in having this range for PA. To add a further clarification, our understanding is that restricting to specific PA values is not under the scope of this discussion and in fact it is not even in the scope of the Rel 12 NAICS.
Our current position is for 4 PA values with the mention that this is discussed in RAN4 as well.

	MediaTek
	We saw significant performance degradation with even 3 values (R4-143616) and not much difference in 3/5/8 levels surprisingly. It seems that the performance is sensitive to the range/variance PA values rather than the number of levels. Since we are discussing here the maximum number, we felt more comfortable with the baseline of 3 values, unless there is strong reason for actual in actual deployment.
As to the values, historical discussion led to the values after considering the Tx EVM requirements. We had RAN4 LS suggesting no more than 6dB for example in the 8-Tx CSI-RS design in Rel-10. We felt the current values are sufficient at least for macro eNB. If a small cell eNB operates at much lower power than its max Tx power, a larger than 6dB EPRE may be possible. 

	DCM
	The current PA set is defined as eight values and the value of PA may be different for different cells depending on whether or not MIMO is employed and deployment scenarios. Hence, in order to allow such various types of MIMO operations and flexible cell planning, multiple values should be indicated to the UE via higher-layer signaling. In that sense, four PA values would be reasonable. But, we can also accept three PA values.
In addition, from the viewpoint of flexible NW operation, only the number of restricted PA values should be discussed and the exact values to be signaled by higher layer should be up to the network choice.

	Qualcomm
	We prefer to have 3 Pa values. These values are signaled to the NAICS UE from a fixed set of Pa values. Our preference is to use the current Pa values from {-6, -4.77, -3, -1.77, 0, 1, 2, 3} for both QPSK and higher order modulations.  

	ALU
	We are fine with 4 PA values for all modulation and do not see the need to specify exactly which 4 values.  These 4 values can be configurable or selected from the possible 8 PA values in current specs.  

	ZTE
	We are fine with either 3 or 4 PA values as long as the exact value is selected from the current PA values set in current specs.  

	HW, HiSi
	Although the parameter PA is UE-specific high layer configured, it is in practice mostly used in a cell-specific manner. Hence it is preferred that the number of power offset values in the subset is as small as possible for UE complexity reduction. The preference is to have 3 PA values. Regarding the exact values of PA, our proposal is to select from the current PA values set unless the benefits and the performance gain of introducing new values for QPSK are identified. 
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Observations and proposals:
1) 8 (out of 13) companies 3 values which was agreed as a baseline, while 2 companies prefer 4 values. 2 companies are fine with either and 1 company want to defer to RAN4; 2 companies prefer 3 values
Proposal 1: Agree on 3 PA values. Inform RAN2 to define the signalling for three values. 
Supported by: NVIDIA, Intel, HW, HiSi, LGE, QC (we are also ok if these values are configurable from the existing Pa values), Samsung, ZTE, CATT, MediaTek
Objected by: NSN, Nokia, Ericsson (do not object if eNB can select the subset of Pa values), DCM (do not object if the exact values are configurable) 
2) As to the exact values, there are three options for a way forward. Option-“a” had more company support.
a. Select from the current 8 values
b. Agree and define additional values in RAN1 #78 (or earlier) and then inform RAN2 
c. Configurable by eNB  
· Note that “p-a” is currently signalled in “PDSCH-Config” IE as the “enumerated” data type (see below). RAN2 may not be clear on how to define them (e.g., quantization of those configurable values) 
PDSCH-ConfigDedicated::=

SEQUENCE {


p-a








ENUMERATED {












dB-6, dB-4dot77, dB-3, dB-1dot77,












dB0, dB1, dB2, dB3}

}

Proposal 2: Agree on “option-a” as working assumption. If option-a is not agreeable, we can defer the decision to RAN1 #78 (i.e., option-b). Note that one of the above options must be adopted by then. Note that it is not an optional to not to define anything. Hence if no consensus still cannot be reached by then, “option-a” may be adopted automatically from the perspective of RAN2s signalling definition.   
Supported by: NVIDIA, Intel (with a note that we also need to discuss the extension of Pa to QPSK on the serving cell), HW, HiSi, ALU, ASB, QC (we are also ok with option c where the configured values are listed above as in current Pa table), Samsung, ZTE, CATT, MediaTek
Objected by: NSN, Nokia, Ericsson (but support option-b if eNB can select the subset of Pa values), DCM (option-c),
b. Example questions to address: What is the considered CoMP operation in TM10? What is the corresponding maximal subset size of combination of VCID and nSCID in TM10 (in the range of 6 to12)? 
	Company name
	Proposal and explanation (on VCID+nSCID in TM10)

	NVIDIA
	We should separate here between the total number of VCID+nSCID combinations and the number of VCID+nSCID combinations per candidate cell. Furthermore, within one candidate cell, there could be multiple TPs so we need to consider first how many VCID+nSCID combinations are needed per TP. In our view each TP could utilize just one virtual cell ID. In addition, typically one would configure to the UE the physical cell ID as one scrambling ID. Hence, for the total number per candidate cell, we get the physical cell ID + a number of virtual cell IDs depending on the number of TPs that are considered relevant. On the number of TPs, based on our simulation results in NAICS scenario 2 with 4 or 10 TPs per macro cell (below), out of the TPs within a cell, the UE can typically see only 2-3 TPs within a {6,9} dB RSRP window. Note that the statistics are for TPs within the same macro cell coverage since the discussion is about how many VCID+nSCID combinations per candidate cell we should include in the network assistance signalling.
So basically if the range of 6 to 12 is considered as the total number of VCID+nSCID combinations per candidate cell, then 6 is already too much, our proposal would be rather 4 combinations per candidate cell (physical cell ID + 3 TPs). If it is the total number over all candidate cells, this depends on the number of candidate cells, and even 12 might not be enough.
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	LG Electronics
	6 is suitable for the following reasons. The total number of VCID+nSCID is determined based on the number of VCID+nSCID per TP and  the number of TPs which a UE counts as actual NAICS target; the UE may conduct BD for interference existence from those cells/TPs and IC for the strongest one. In our view, at least two TPs should be considered NAICS target, given the possibility that the strongest interferer actually does not transmit any data and the UE cancels the second strongest one in this case. Also, we think two VCIDs per TP is enough without loss of the flexibility of network operation; One VCID is unique and the other VCID is TP common. Accordingly, considering two interfering TPs and the combination with nSCID, total 6 is suitable.

	Broadcom
	We would like to keep the total number of VCID + nSCID combinations at most 6 independent on how the parameters are split between physical cells and TPs. Even though the UE could use co -located RS from the cells and TPs to initially sort the candidates, the UE needs to essentially estimate for a virtual cellID and  nSCID pair whether the signal is strong enough and whether the signal is transmitted or not. Assuming even one cell with ~ 3 TPs the total amount starts to increase fast if number of cells is increased.

	Ericsson
	Rel-11 CoMP operation including dynamic point selection should be considered.  DPS can dramatically increase the number of interfering configurable cell IDs (that is, 
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, a.k.a. VCID + nSCID, or “CCID”) that a UE would need to detect, since each transmission point can transmit using CCIDs of its neighbors.  One simple approach to fix this problem is to make CCIDs in TM10 point-specific, rather than UE-specific:

· A pair of CCIDs for the *serving* PDSCH is associated with each of the 4 PQI states (indicated by DCI format 2D).

· The pair of CCIDs corresponds to the two different [image: image4.png]


values (allowing MU-MIMO support).

In this way, a UE would need to blind decode only two CCIDs per neighboring point, rather than, say 5 times that number.  More details are in R1-142323.    
Given the similarity of this point-specific association of CCIDs to cell IDs, a reasonable number for the points that the UE should track is the number of cells that are tracked in Rel-11.  With two [image: image5.png]


values, then the maximum number of CCIDs the UE should track should be 2*8=16.  The value of 12 from the RAN1#77 agreements is then already a compromise relative to the Rel-11 cell tracking capability.
Before discussing further reductions in the CCID subset below 12, it is important to have a clear understanding of the CCID blind detection complexity.  It is not clear at this stage that blindly detecting DMRS based PDSCHs contributes substantially to the overall blind detection effort, e.g. comparing the effort to blindly detecting 2 CRS port PDSCH.  If UE complexity is not strongly driven by the CCID subset size, then the network could configure the subset size, allowing for trade-offs e.g. for mobility vs. blind detection performance.  Therefore, it is important for RAN4 to first establish that there is a significant complexity impact from CCID blind detection before further restricting the maximum CCID subset size.
The number of blind detections used to determine the PDSCH identity can be the same for CRS based TMs and for TM10 DPS if the UE is able to associate the PDSCH with a point.  In this case, the UE can determine the average power of the interfering points, and blindly detect only those with sufficiently high average power (as it can for CRS TMs).  Consequently, the number of blind detections for DPS can be substantially less than the number of CCIDs signalled to the UE.  The details of the mechanisms to associate a CCID with a transmitting point may depend on the outcome of QCL discussions (and so are FFS). This approach appears to be a better alternative to reducing the CCID subset size, since it allows the UE greater implementation flexibility, while minimally impacting network flexibility.
In summary, we propose point-specific IDs for dynamic point selection, where:
· 2 CCIDs are associated with each of the 4 PQI states indicated by DCI format 2D.

· 12 interfering CCIDs are signalled to the UE

· If CCID blind detection complexity is a concern, mechanisms to associate CCIDs with CSI-RS are considered before reductions in CCID subset size.
· Fewer than 12 is only considered if RAN4 determines that CCID blind detection significant increases overall blind detection complexity.

	Intel
	In case of TM10 interference presence detection (i.e. VCID+nSCID pair detection) UE does not have a priory information on the power levels of the respective interferer candidates and should apply detection for each candidate in addition to the conventional TM9 interference detection. Hence, the detection complexity might increase substantially. So, in our view the total subset size should be kept at reasonable level.
In our understanding the main motivation of using large number of VCID+nSCID pairs for blind detection at the UE is to support NAICS receivers in CoMP DPS deployments, where a TP may transmit UE-specific RS corresponding to UE originating from the neighbouring TP. On the other hand, considering that in TM10 UE itself can be configured with two VCID+nSCID pairs each of which may correspond to one of two dominant TPs, DPS may be supported without requiring provision of multiple VCID+nSCID values at the same TP. Therefore, we prefer to limit the total number of VCID+nSCID pairs to at most 6 in total to reduce UE implementation complexity.
Also, considering QCL signalling would be required for detection of UE-specific RS, TM10 PDSCH interference suppression should be supported by TM10 capable UEs only.

	Samsung
	Our preference on the total number of VCID+nSCID is 6 per candidate cell. Actually we don’t think each TP needs to use more than 2 VCIDs because VCID was adopted in Rel-11 to realize TP-specific local transmissions with DMRS interference randomization. In a sense that NAICS operation for up to 3 TPs would be enough to be taken into account in Rel-12, 6 VCID+nSCID per candidate cell would be enough. It would be worth to note that DPS does not require more VCIDs for each TP. That is, even for DPS, 2 VCIDs per TP would be enough because UE changes its VCID to operate DPS, not TP does. Please refer R1-142126 for better understanding on the number of VCIDs for DPS.

	Nokia & NSN
	This question is dependent on the answer to question f on how the higher layer signalling is associated to the cell ID or other parameters. If the number of VCID+nSCID are per cell, the range of 6 to 12 values translates into 3 to 6 points to be indicated. A high number of points would be in hearibility region if the NAICS UE in dense networks. Having the similar discussion in the context of considering the number of VCID+nSCID for the total number of cells, obviously the current range of 6 to 12 values might not be even applicable! As we had no discussion on the total number of cells/points to be supported with network assistance in NAICS, implying that 6 to 12 values represent the total number of option (hence 3 to 6 points can be indicated in total), it means that we limit already the number of signalled cells for NAICS to a maximum of 6. 
To summarize: our understanding is that the current discussion for the range of 6 to 12 is considered per cell, we prefer to utilize 12 options for VCID+nSCID.

	MediaTek
	We think 2 sets of VCID+nSCID per TP is the common practice. The question is how many potential DMRS sequences a UE should try to detect on each DMRS antenna port. In the COMP discussion, a maximum of 3 TPs in a cell was considered for CSI reporting purposes, so 2/4 neighbouring cell will result in 6/12 VCID+nSCID combos. From the signalling perspective, eNB may want to send information for even more neighbouring cells. We can consider recommending RAN2 to define signalling for 12 or even more combos. Since interference channel estimation must be able to function on a per-PRB basis, a larger number of candidates will increase the false alarm and thus degrade performance.  It will be up to RAN4 to determine the use of a smaller candidate for performance test purposes. 

	Qualcomm
	We share the same view as majority of other companies that the agreement was on the total combinations of VCID+nSCID across different cells to be within [6,12], as the discussion was about overall blind detection impact. 

	ALU
	Whilst 6 VCID may seem sufficient for COMP study, we should also cater for the high likelihood of dense network deployment.  Hence we have preference for 12 VCID+nSCID. 

	ZTE
	Our understanding is that the range of [6, 12] is for the combinations of VCID+nSCID per cell. We tend to agree with ALU here that the maximal number of 12 is preferred considering potential network deployment scenarios. 

	HW，HiSi
	The total number of VCID+nSCID combinations will depend on the number of interfering TPs per cell from UE perspective. However the BD complexity may increase significantly in case that each TP within the neighbouring cell is counted as an interferer especially in CoMP scenario with DPS deployment. 2 or 3 TPs per cell could be enough considering R-12 NAICS scenarios. In addition we share the similar view that typically each TP has 2 VCID+nSCID pairs. For the upper bound case in which there are 3 TPs per cell, the number of VCID+nSCID combinations is 6.


Observations and proposals:
1) All company agree that two VCID+nSCID combinations per TP are adequate. 5 companies clearly indicated the preference for 6 combination and 4 companies for 12 combinations, while others think that it depends on the total number of cells and the numbers of TPs in each cell.
Proposal 3: Determine from one of the options:
a. Agree to inform RAN2 to define signalling up to 12 combinations of VCID+nSCID. RAN4 performance test may define the test setup with a smaller number based on further discussion of deployment practice and further performance evaluation.
· Note it is up to RAN2 to decide how to enforce the upper bound of 12 combinations
b. Do not limit the combination of VCID+nSCID from a signaling perspective, i.e., allowing eNB to signal all the TPs in all neighboring cells. It is still up to RAN4 performance test setup discussion to determine a suitable number. 
c. Same as option a, but signaling of 6 combinations of VCID+nSCID

Option-a is supported by: ALU, ASB (second choice), ZTE, MediaTek(although Option-c is also acceptable)
Option-b is supported by: NSN, Nokia, Ericsson, ALU, ASB (1st choice)
Option-c is supported by: [Intel], QC, Samsung, [LGE], CATT (within range of 6 to 12)
Intel: We prefer at most 6 combinations of {VCID, nSCID}, so at this stage both options are not acceptable to us. We would like defer the decision on the maximum number of {VCID, nSCID} pairs to RAN1#78 meeting.  
QC: the agreement from last meeting is to support {VCID, nSCID} in the range of [6,12]. Our preference is 6, but may consider larger value within the range of [6,12] as a compromise between blind detection complexity and network scheduling flexibility. Option b is not a valid option as it is not in sync with the last meeting’s agreement. 

c. Example questions to address: What/when CSI-RS information is required or beneficial? Why? Example of the signaling? Any performance data or analysis? 
	Company name
	Proposal and explanation (on CSI-RS)

	NVIDIA
	Some information is clearly needed on CSI-RS. If the UE is unaware of CSI-RS configurations in the interfering cell, the following impacts are foreseen:
· A number of “false” REs with potentially wrong modulation (QPSK), precoding (unprecoded) and power level. In the worst case there are 40 REs with wrong parameters, meaning that for instance with 2-Tx and CFI=3, there are 80 correct REs. Thus 1/3 of all available REs are with wrong parameters. This will obviously confuse the blind parameter estimators at the UE side, with a detrimental impact on throughput after NAICS processing.
· If interfering cell has TM2 (or any TM when using the transmit diversity fallback) or TM3, the number of “false” REs will be even larger due to the fact that CSI-RS REs may confuse the phase of SFBC(-FSTD) transmit diversity scheme as well as the phase of the TM3 LD-CDD precoder cycling scheme. Here it is in fact possible to find very bad cases where the UE may have more REs with a false assumption about the precoder or phase of SFBC than a correct one. Note that transmit diversity and TM3/LD-CDD can be expected to the most typical schemes encountered in practical deployments.
· Cancellation of “false” REs at CSI-RS RE locations. Note that for REs that are zero-power CSI-RS REs at the interfering cell, any “false” cancellation will always just effectively increase the interference at these RE locations.
Typically CSI-RS transmissions within a cell would happen with a periodicity, so the impact on average throughput will obviously be smaller. However, for instance in TDD the gains of NAICS could largely disappear as there may not be many DL subframes without CSI-RS. So some signalling on CSI-RS presence should be included.
For the UE to be able to avoid the CSI-RS REs in the blind estimation and PDSCH interference cancellation, it is sufficient to provide rate matching information to the UE in form of a zero-power CSI-RS configuration. For this the existing signalling could be reused (CSI-RS-ConfigZP-r11) as long as it is sufficient to provide only one ZP CSI-RS subframe configuration per cell to the UE.

	LG Electronics
	CSI-RS information should be signalled for RE mapping of interference PDSCH and for QCL in TM10. More detail explanation and an example of signalling can be found in Section 2.1 in our contribution R1-142162.

	Broadcom
	We would think that NZP CSI-RS and ZP CSI-RS parameters would need to be signaled in order to avoid wrong modulation format detected by the NAICS receiver. In addition the NZP CSI-RS is also needed for QCL related processing.

	Ericsson
	Given the results in R4-142737, we have not yet found the need to signal interfering CSI-RS information for the purpose of compensating for the presence of CSI-RS.  The benefit of signalling interfering PDSCH CSI-RS configurations should be quantified, the scenarios where such benefits can be obtained identified, and details of the needed signalling provided.  In particular, while in the worst case CSI-RS can occupy up to 40 REs in one PRB, this is not a typical Rel-12 configuration, and CSI-RS will often be configured to align between transmission points.  Furthermore, the extent to which a receiver can exploit CSI-RS to improve performance is limited due to the sparsity of CSI-RS. Finally, while CSI-RS can affect interfering PDSCH RE mapping (including shifts in SFBC pairing), the performance impact is not yet clear to us, nor that this can’t be managed using eNB implementation.
In summary, to our knowledge the only results available show there is no benefit from signalling interfering CSI-RS configurations. Therefore, some sufficient quantitative performance and/or complexity benefit should be shown in reasonable Rel-12 scenarios before pursuing the associated signalling for the purpose of compensating for the presence of CSI-RS.

	Intel
	The NZP and ZP CSI-RS configurations used in the neighbouring cell should be signalled to the UE. Our link level evaluation results for R-ML receiver show that knowledge of NZP and ZP CSI-RS resource configurations can provide noticeable SNR gains in the subframes with CSI-RS in the scenarios where serving cell PDSCH collides with one NZP CSI-RS resource with 4 antenna ports and one ZP CSI-RS resource from the dominant interferer (see Figures below). In particular, the largest degradation due to lack of interferer NZP and ZP CSI-RS knowledge is observed in case of strong dominant interferer (80% I1/Noc) and low SNR conditions (MCS #5).
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Figure a. PDSCH throughput for subframes with CSI-RS 
50% I1/Noc I1/Noc = 7.77 dB, I2/Noc = 2.29 dB, On/Off pattern; Interference cell: TM9, MCS #5

Serving cell: TM9, MCS #5

Figure b. PDSCH throughput for subframes with CSI-RS 
80% I1/Noc I1/Noc = 13.91 dB, I2/Noc = 3.34 dB, On/Off pattern;

Interference cell: TM9, MCS #5

Serving cell: TM9, MCS #5

Also we don’t think that signalling of ZP CSI-RS can fully substitute signalling of NZP CSI-RS resources especially when NZP CSI-RS configuration with 1 or 2 antenna ports is considered.

	Samsung
	In our view, NZP CSI-RS and ZP CSI-RS parameters would need to be signalled. Benefits from such CSI-RS signalling would be summarized as the following three aspects:
· IS/IC performance itself
· Reliability of blind detection
· QCL derivation in TM10
If I understand correctly, evaluation in R4-142737 only focuses on the 1st aspect. Also it does not consider multiple CSI-RS resources for interfering cells. Regarding the second aspect, CSI-RS would cause further performance degradation due to the miss-detection of MO. As Tommi mentioned, the rate-matching issue in TM2 would cause additional performance degradation in case of fallback transmission. The most simple and straightforward way to avoid such rate-matching issue would be CSI-RS configuration signalling. If there is no signalling, there should be a scheduling restriction to avoid such rate matching issue. I thought scheduling restriction due to NAICS was the most serious eNB vendor’s concern. In my opinion, the most important reason we need CSI-RS information is for deriving QCL in TM10. If UE does not have CSI-RS information, it should implement two different channel estimation methods, one is based on CSI-RS QCL (for serving cell) and the other is only based on DMRS (for interference).

	Nokia & NSN
	The information of CSI-RS has been argued to be beneficial for several purposes: 1. It clearly excludes occupied REs from the total pool of REs available for blind detection. However, we note that with the assumption that CSI-RS is a UE specific configuration, there is the possibility that all the possible CSI-RS options are indicated to the NAICS UE, hence the blind detection design needs to take into account this situation of smallest RE budget as well. Note also that such a situation would be anyhow compensated by the PRB bundling. 2. CSI-RS IC has been mentioned as another use case. However, due to the periodicity and low density, we believe there are marginal gains from such an operation. Moreover, if CSI-RS is suddenly creating lots of interference and needs to be cancelled, it means that the legacy UEs are suffering tremendously as they are not able to perform such IC. For both situations explained above, it has been shown in R4-142737 that there is no need for CSI-RS signalling. In addition, we want to remind the group that CSI-RS RSRP is discussed in the context of discovery of small cells. We find it more beneficial to wait for the outcome of that discussion in order to better see the implications on NAICS. 
Our current view is that CSI-RS information is not needed. We also propose to take into account the outcome of the CSI-RS RSRP definition. 

	MediaTek
	Our view is to define the signalling in Rel-12 and leave it to the performance part discussion to decide whether such signalling is required for the relevant performance tests. UE should not be required to detect CSI-RS configuration (both NZP and ZP CSI-RS) in the absence of signalling. If the signaling is not provided, UEs may treat CSI-RS as PDSCH and the performance might be acceptable given the low density of CSI-RS (similar to the case of CSI-RS’s impact to Rel-8 UEs) if only a smaller number of NZP CSI-RS ports are used. The “combined” information should be signalled, even though CSI-RS configuration is UE-specific, i.e., including all the CSI-RS ports used and the subframe offset / periodicity configuration.   

	DCM
	In our view, it is preferred that NZP and ZP CSI-RS configurations are signalled by higher layer in order to avoid performance degradation due to miss-detection using wrong modulation order of interference signal by NAICS UE. We would also like to note that such a signaling does not cause any network restriction.

	Qualcomm
	The CSI-RS information may be useful for NAICS UEs:
· CSI-RS tones should be excluded from blind detection. The network may use less CSI-RS ports, but without any signaling, UE will need to always assume the worst. 
· Blind detection of CSI-RS sequence/port/periodicity is prohibitive 
The main purpose of ZP CSI-RS is to provide rate matching information for the UE in the locations where the other cells can transmit CSI-RS. So for NAICS operation, we can simply follow this design principle, and NAICS UE can be signaled a NAICS ZP CSI-RS contains possible ZP and NZP CSI-RS locations from neighbor cells. 

	ALU
	Whilst knowing the CSI-RS RE avoids UE to treat such RE as PDSCH, the occurrence of CSI-RS is sparse.  Furthermore even if UE treats CSI-RS as PDSCH, there will not be much impact if the PDSCH uses QPSK.  The need to signal CSI-RS would benefit with more performance evaluation but with the absence of such results, we would prefer that this parameter is optionally signalled.

	ZTE
	We share the same view as majority of other companies that ZP/NZP CSI-RS information would be beneficial to the victim UE.

	HW, HiSi
	CSI-RS density is very low and it may not always impact demodulation performance too much even if the UE does not take it into account; however, it may configure many zero-power CSI-RS which can have negative impact on the accuracy of channel estimation and interference estimation. So it is beneficial for victim UEs to be aware of this parameter. Considering not so much complexity increased and NAICS UEs do benefit from the awareness of CSI-RS information, we prefer signalling NZP/ZP CSI-RS. 


Observations and proposals:
1) 10 (out of 13) companies prefer the signalling of ZP and NZP CSI-RS and 1 company is fine if the signalling is optional. 2 companies prefer no signalling or would like to see more results before decision. 
· Note that if signalling is not defined at RAN1 #78, RAN4 performance evaluation may lead to different observations on the performance loss under different CSI-RS configurations. There is the risk of no performance test or even no TM10 support for Rel-12. 
Proposal 4: Agree as a working assumption to allow RAN2 to start the signalling definition work, while allowing RAN4 to further determine the performance test condition and whether the signalling is provided for the considered tests. 
Supported by: Intel, HW,HiSi, LGE, DCM, QC, Samsung, ZTE, CATT, MediaTek 
Objected by: NSN, Nokia, Ericsson
ALU, ASB: If “start signalling definition work” includes having an optional signalling then we can support this.  
d. Example questions to address: What/when QCL information is required or beneficial? Why? Example of the signaling? Any performance data or analysis? 
	Company name
	Proposal and explanation (on QCL)

	NVIDIA
	Our proposal is that each VCID+nSCID combination is associated with a CSI-RS resource which can be used as a QCL reference for the corresponding DMRS.
For Rel-11 CoMP, DMRS QCL with CSI-RS (w.r.t Doppler shift, Doppler spread, average delay, and delay spread) was agreed due to better performance especially in channels with small delay spread. In addition, CSI-RS QCL with CRS (w.r.t Doppler shift and Doppler spread) was agreed due to poor frequency tracking performance of CSI-RS. In context of NAICS, it was shown in R4-143040 that even estimation granularity of 12 PRBs is not quite sufficient for DMRS-based estimation. Simulations in R4-142738 on the other hand were showing that the needed time and frequency corrections could be performed with DMRS if the UE can do the estimation over at least 3 PRBs, but it was not clear if these simulations were for serving cell or for interfering cell. Nevertheless, there is no evidence that DMRS-based estimation would work for the interfering cell with less than 3 PRBs. Therefore, in our view QCL between DMRS of the interfering cell and CSI-RS should be signalled, and the CSI-RS also needs to be associated with CRS as before to enable reliable frequency offset estimation.
The main concern on including QCL signalling in the NAICS assistance information was related to possible restrictions in DPS CoMP operation. This would happen due to the fact that CoMP is designed for three transmission points while only two different VCID+nSCID combinations can be signalled to the UE with DCI format 2D, meaning that for 3-TP CoMP some TPs would need to utilize the same combination of VCID+nSCID (in which case they can not be mapped with a CSI-RS resource without ambiguity). Hence, there is a small restriction to 3-TP CoMP. However, the best gains from Rel-11 CoMP were anyway found with 2-TP DPS/DPB, which would not be restricted. Thus in our view this restriction should not be a major problem.
The signalling can be for instance such that each VCID+nSCID combination in the signalled subset is associated with a CSI-RS configuration. If such configuration is not included, the UE would implicitly assume QCL with CRS of the corresponding cell (we assume that all these parameters are associated with a physical cell ID, see our response to question g), in other words the “default value” of this signalling is QCL type A –based operation.

	LG Electronics
	QCL information should be signalled for the performance of interfering channel estimation, which is a basic NAICS capability affecting BD performance and NAICS gain at the end. Without this information, it is obvious that a UE cannot find crucial parameters such as delay spread and time offset, which can be derived from quasi-collocated CSI-RS and which Wiener filter requires. The details of signalling and an example can be found in Section 2.1 in our contribution R1-142162.

	Broadcom
	We also think that the NAICS UE should be aware on reference signals that are quasi co-located with the VCID + nSCID pair and higher layer signalling should enable that. This would enable better timing and frequency error estimation for one interferer.  Further, if there are several VCID+nSCID combinations, these would anyway need to be prioritized  by the UE before full NAICS cancellation. The priorization becomes more straightforward if UE is able to interrelate different RS based on QCL reference signals.

	Ericsson
	We would like to see further simulation results before concluding that QCL signalling is needed.  Please find below some new simulation results attempting to gauge the need for QCL signalling.  The performance with 3 PRBs and a SLIC receiver is simulated using RAN4 Phase 1 Scenario 1, 5-25% geometries, 40% resource utilization, median I1/Noc, MCS=5, and rank 1 transmission on all cells.  Simulations are performed with and without 300 Hz and 2 μs synchronization errors, and with genie and estimated knowledge about the errors.   Two antenna transmission is simulated, with TM4 on the serving cell and TM9 on the interfering cells.  The performance at 10% BLER is less than 0.1 dB different between the case with genie synchronization error knowledge and estimated values.  Therefore, an upper bound on the gains from QCL signalling in this setup is less than 0.1 dB in this scenario, and real QCL operation will have less gain.
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Conclusions from these results may not be consistent with those in R4-143040.  Since these are the only other results on synchronization error that we are aware of, further simulations and alignment of results in RAN4 are therefore needed.
In summary, given the results so far and the limited number of simulations of QCL in RAN4, a clear need for QCL signalling has not yet been identified.  Further simulations and study of the details of QCL operation are needed in RAN4 before QCL signalling is agreed.

	Intel
	The results in our RAN4 contribution (R4-143040) show performance benefits from using QCL signalling in case of TM10 interference handling. In particular, it is illustrated that time/frequency offset compensation based on UE-specific RS tracking results in noticeable performance degradation (up to 4 dB) comparing to the case of using CRS/CSI-RS based tracking.
Additionally, we would like to note that current TM10 UE implementations are based on CRS/CSI-RS time and frequency offset tracking mechanisms. Introducing UE-specific RS based time and frequency tracking (in case of absence of QCL information) will impose additional overhead in terms of UE implementation. The QCL signalling allows avoiding this issue. Therefore, QCL assistance information (CRS/CSI-RS resource) for each VCID+nSID pair is recommended to be signalled. 
In order to avoid extra complexity due to additional time/frequency synchronization loops, at most 3 CSI-RS/CRS configurations for QCL should be supported by TM10 capable UE.

	Samsung
	In Rel-11 QCL discussion, it was already concluded that DMRS is not sufficient to derive QCL parameters. This conclusion was based on a lot of evaluation results from companies. I cannot understand why we need additional evaluation results to see the benefit of QCL signalling. According to the Rel-11 QCL conclusion, TM10 UE implementation of DMRS channel estimation is currently based on quasi co-location between DMRS and CSI-RS. As I mentioned above,  if there is no QCL signalling for Rel-12 NAICS, NAICS UE should have different two CE methods in its implementation to get DMRS channel information of TM10 interference. Therefore, given that RAN1 concluded to support TM10 as well in Rel-12 NAICS, there should be QCL signalling between CRS, CSI-RS, and DMRS of candidate cells. QCL information for NACIS would include QCL type and linkage between cell-ID, CSI-RS information, VCID information in case of type B.

	Nokia & NSN
	The QCL information (PQI signalling in DCI format 2D) is a dynamic configuration which obviously cannot be higher layer signalled in a semi-static way, for the very same reason other dynamic parameters are not signalled either. As stated in the WID objectives, if such a signalling is envisioned, the network impact in terms of restrictions and system loss should be evaluated. On the other hand, it has been shown that QCL is not really necessary in practice (R4-142838), solely DMRS based channel estimation performing adequate enough. 
Our current view is that QCL signalling is not needed.  

	MediaTek
	Type B QCL information as in PQI indicates the QCL relationship between PDSCH and a certain CSI-RS and also CRS. This is for dynamic point selection for example where PDSCH can come from different transmission points dynamically. The 2-bit PQI filed in PDCCH format 2D dynamically indicates the RE mapping and QCL between PDSCH and one of the four pre-configured CSI-RS parameter sets. Since Rel-12 NAICS doesn’t support dynamic signalling for interference parameters, a feasible option is to have a fixed association between VCID+nSCID combination and CSI-RS and CRS. This introduces some loss of flexibility for DPS, as also mentioned in NVIDIA’s points above. If the loss of some flexibility is acceptable for DPS, we would also suggest the definition of HL signalling for QCL. Otherwise, we suggest only type-A behaviour in Rel-12. Note that DPS and the NAICS both target cell-edge performance, so no NAICS during CoMP DPS operation is probably fine.

	DCM
	Our preference is that QCL information is signalled by higher layer to UE considering the scenario in which multiple RRHs share the same cell ID in TM10.

	Qualcomm
	Signaling of QCL is desirable in terms of association of DMRS and CRS for tracking loops.  

	ALU
	The PQI parameter indicating the DMRS to CSI-RS association is dynamic.  Since dynamic signalling of parameters is not supported in Rel-12 it is unclear how such dynamic parameter is somehow signalled to the NAICS UE.  Fixing the DMRS to CSI-RS association would introduce yet another restriction to the network operation, which basically eliminate DPS operation.  We therefore do not support signalling of QCL parameters.   As a compromise, the network can indicate whether the UE can assume Type A behaviour or not.

	ZTE
	First of all, we don’t understand how this dynamic in nature QCL (e.g., Type B) information can be useful to the UE when signalled through higher layer signalling. Considering the clear restriction to the network operation if we fix the DMRS to CSI-RS association, we do not support signalling of QCL parameters.

	HW, HiSi
	Our view is that the signalling of QCL information is needed in order to improve the channel estimation accuracy of interfering cells considering the deployment of NAICS inTM10.

	CATT
	We are not quite sure what QCL information to signal. In DPS operation, the PDSCH is transmission is point changes dynamically. We would like to hear from the supporting companies regarding what to signal? How to signal? Before we discuss supporting or not supporting.   


Observations and proposals:
1) 9 (out of 14) companies thinks QCL signalling is needed by for example associating a VCID+nSICD with a CSI-RS and CRS. 4 companies don’t want to have the signalling due to concerns of CoMP operation constraint (i.e., fixed association of DMRS with CSI-RS instead of allowing the dynamic selection from 4 states via “PQI”). 
Proposal 5: Determine from one of the options:
a. Make it a working assumption to allow the association of CSI-RS and physical Cell ID with a VCID+nSICD combination, so that RAN2 can start the signaling definition in August meeting (related to question-g on signaling association)
b. Defer to RAN1 #78, and take into account or align with RAN4 decision. Note that if no agreement can be made in RAN1, which means no signaling by default, it is up to RAN4 to decide whether/how to support or define test for TM10 CoMP operation under type-B QCL)
Option-a is supported by: Intel (note that we need to discuss how many NZP CSI-RS for QCL can be configured and whether QCL/VCID is supported by non TM10 capable UEs), HW,HiSi, LGE, DCM, QC, Samsung, CATT, MediaTek
Option-b is supported by: NSN, Nokia, Ericsson, ALU, ASB, ZTE
e. Example questions to address: When PDSCH starting position information is required or beneficial? TM10 only or for all TMs? Example of the signaling? Any performance data or analysis? 
	Company name
	Proposal and explanation (on PDSCH starting symbol)

	NVIDIA
	Our proposal is to signal PDSCH starting position to the UE on a per interfering cell basis.
It should be very clear that at least the (optional) possibility of signalling PDSCH starting position is needed to cover the cases where CFI does not match with the actual PDSCH starting position, which may happen if TM10 is present in the TM subset signalling, or with any TM if the interfering cell happens to be configured as an SCell with cross-carrier scheduling to a UE. UE can be aware of TM10 presence based on previous agreements, but can not be aware of cross-carrier scheduling usage. So blind detection of CFI alone can not be a solution. However, in our view the assumed PDSCH starting position should be actually always signalled to the UE. 

In R4-143321, one alternative (option 3 in the contribution) was studied where the UE does NAICS processing only on the symbols which never belong to the PDCCH region (fixed PDSCH start symbol). This would be an acceptable alternative to us otherwise, but there is a problem with this approach if 4-Tx support is deemed needed at some point: In TM3 in case of 4-Tx, the UE needs to be aware of the exact PDSCH starting position to be able to determine the phase of the LD-CDD precoder cycling correctly.

	LG Electronics
	For all TMs, information related to PDSCH starting position should be signalled for the following reasons. PCFICH decoding is not always indicating PDSCH starting position. For example, in case of cross carrier scheduling, PDSCH starting position of a scell cannot be derived from PCFICH of the scell and, in case of ePDCCH, PDSCH starting position is aligned with the ePDCCH starting symbol configured by RRC signalling.
One technical concern on RRC signalling for the actual PDSCH starting position is that it can cause a network restriction since the network cannot change the starting position dynamically in this case. Therefore, our proposal is that, instead of indicating actual PDSCH starting position, it is better to indicate symbol ‘n’ at least from which the interfering TP guarantees PDSCH transmission if RB is scheduled. Its benefit is that the TP still have the flexibility to change the actual starting position dynamically within the range of symbol [1, n]. With this signalling, the UE can try to cancel interference from symbol ‘n’ even if it is not capable of BD for actual PDSCH starting position.

	Broadcom
	We would also prefer knowing the PDSCH starting position for all TMs as it improves NAICS processing reliability in the same way as knowing the NZP/ZP CSI-RS configurations.

	Ericsson
	Given the results in R4-142737, our view is that UE implementation can compensate for variations in interferers’ PDSCH starting symbol with negligible loss in performance.  On the other hand, in our understanding even if assistance signalling is UE specific, it would effectively fix a point’s PDSCH starting symbol to a single value.  Such a restriction can clearly limit scheduler flexibility and waste downlink throughput, and so such losses should be shown to be acceptably low compared to the gain in NAICS performance using system simulations.  
Regarding the relationship of PDSCH start assistance to 4 CRS ports in TM3, we have not found blind detection performance or complexity problems with TM3 in general, and so do not see a problem specifically for PDSCH start.  Please see further discussion with respect to question 3) below.  

In summary, 

· We do not yet see the benefit of specifying signalling for interfering PDSCH starting position for any TM.
· 4 CRS port operation for TM3 should not be a concern in general or specifically for PDSCH start.

	Intel
	Signalling of PDSCH starting symbol index in the range of {1, 2, 3, 4} for non-MSFN subframes and {1, 2} for MBSFN subframes should be supported for all transmission modes.
In case if this information is not available, UE needs to make conservative assumptions on the PDSCH starting position – OFDM symbol with index 3 for NRB ≥ 10RB (CFI is fixed to 3) or with index 4 for NRB < 10RB (CFI is fixed to 4). Our link-level evaluation results show that in case of CFI mismatch these conservative assumptions result in up to 1dB SNR loss comparing to the case when PDSCH starting position is known at the UE (OFDM symbol index 1 in the simulations).
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Figure a. PDSCH throughput 
80% I1/Noc I1/Noc = 13.91 dB, I2/Noc = 3.34 dB, On/Off pattern;
Interference cell: TM9, MCS #14, CFI = 1

Serving cell: TM9, MCS #5, CFI = 1

Figure b. PDSCH throughput
80% I1/Noc I1/Noc = 13.91 dB, I2/Noc = 3.34 dB, On/Off pattern;

Interference cell: TM9, MCS #14, CFI = 1

Serving cell TM9, MCS #14, CFI = 1



	Samsung
	We prefer to have CFI signalling. According to the evaluation results in R4-143321, noticeable performance gain is observed if CFI information is known by UE.

	Nokia & NSN
	Several options do exist for PDSCH starting position, ranging from signalling to the assumption of a fixed PDSCH starting symbol or blind detection. The options of having a fixed assumption for PDSCH starting symbol has been investigated in R4-143321 where it is shown that the main NAICS gains are captured when having such an assumption. This does not limit other UE implementations to have in fact blind detection for the PDSCH starting symbol (as shown in R4-142737) and get even extra benefits (which might not be that big according to R4-143321). Current results in RAN4 indicate not only that signalling is not needed, but also the fact that if signalling is provided: 1. The extra gain is marginal, 2. The network will suffer from restriction. 
Our current view is that signalling of PDSCH starting position is not needed.  

	MediaTek
	Optionally high layer signalling of PDSCH starting symbol should be defined in our view. Of course the UE may need to deal with the case where the information is not provided due to scheduling constraint it may impose. If CFI is not signaled, it should be left to UE implementation on whether to assume a fixed starting symbol or detecting PCFICH. We can leave it to the performance phase to decide the test case with associated performance. 

	DCM
	In our view, HL signalling of CFI and PDSCH starting position may be beneficial to avoid the performance degradation caused by the wrong reorganization of boundary between PDSCH and PDCCH regions for the interfering cell. On the other hand, it is not desirable to use a semi-static value and signalling for CFI and PDSCH starting position since it is clear that the semi-static value imposes the NW restriction and diminishes the performance gains from the NAICS in system-level perspective. In order to allow for flexible change in the PDCCH region even in the presence of such configured value and to minimize the performance loss, one way is let the UE assume that the number of OFDM symbols for the PDCCH for the interfering cell does not exceed the configured value. If the number of OFDM symbols for the PDCCH for the interfering cell exceeds the configured value by dynamic change in the PDCCH region, the NAICS performance would be degraded since the UE is not able to identify the boundary between PDCCH and PDSCH without blind detection.

	Qualcomm
	Our preference is to provide starting position of PDSCH only for two cases, where PDSCH starting position does not follow PCFICH:
· TM10
· CA with cross-carrier assignment
One possible way is to have a common starting position for all TM10/CA cross-carrier assigned users, so that UE only needs to perform blind detection between PCFICH for legacy user and one more level for TM10/CA users. 

	ALU
	There may be some benefit in knowing the starting symbol for PDSCH but we believe it is not essential since the UE can always assume PDSCH starts at the 4th OFDM symbol (or for some clever UE, it can somehow figure out the location).  As already noted by some companies, the CFI is a dynamic parameter and signalling such parameter would impose additional restriction to the eNB scheduler.  As a compromise, this can be an optional parameter.  If it is not signalled then it is up to UE implementation to determine the starting symbol.

	ZTE
	When PDSCH start symbol (CFI) of the interfering signal is configured by PCFICH from the interfering cell, it is one of dynamic interfering transmission parameters. While when PDSCH start symbol of interfering signal is configured by higher layer signalling, it also shows dynamic characteristic of interfering transmission parameters for the victim UE. As a result, indicating PDSCH start symbol (CFI) to the victim UE through higher layer signalling from the serving cell seems not feasible.

	HW, HiSi
	There would be scheduling restriction for the interfering cells if the PDSCH start symbol is signalled; otherwise, UE needs to blindly detect PDSCH start symbol which may degrade the performance especially in case of PCFICH not valid, e.g., CA with cross-carrier scheduling. It needs to balance the performance and scheduling restriction, and some evaluations are needed.

	CATT
	As few companies mentioned above UE can always make conservative assumption that the PDSCH starting point to be 4th OFDM, so we don’t see necessity of signalling fixed starting position which is in some scenarios may anyway be not true.


Observations and proposals:
1) 10 (out of 14) companies thinks PDSCH starting symbol signalling is useful especially if it is optional. While PCFICH detection is an implementation option, it is not suitable for TM10 and CA. Hence NAICS UEs will need to prepare for cases with and without signalling.  We can leave it to RAN4 to decide whether/how tests should be developed for one or both cases.   
Proposal 6: Determine from one of the options:
a. Make it a working assumption to allow the optional signaling of PDSCH starting symbol, so that RAN2 can start the signaling definition in August meeting 
b. Defer to RAN1 #78, and take into account or align with RAN4 decision. Note that if no agreement can be made in RAN1, which means no signaling by default, it is up to RAN4 to decide whether/how to define tests and performance.
c. Signaling of PDSCH starting symbol is supported, but one of the signaled value is follow PCFICH 
Option-a is supported by: Intel , ALU, ASB, MediaTek
Option-b is supported by: NSN, Nokia, Ericsson, HW,HiSi, DCM (do not object if RAN4 suggests the need for the signaling and if the definition and interpretation of this signaling are clarified), ZTE, CATT
Option-c is supported by: QC

QC: signal PDSCH starting position is needed when PCFICH does not indicate PDSCH starting position (TM10 and/or CA with cross-carrier assignment in the neighbor cell), but not needed when PDSCH starting position follows PCFICH. In that sense, we can also consider option c as a possible compromise between options a and b.
f. Example questions to address: When TDD configuration is required or beneficial? Example of the signaling? Any performance data or analysis? 
	Company name
	Proposal and explanation (on TDD UL/DL configuration)

	NVIDIA
	It would be beneficial for the UE to at least know whether eIMTA is applied in the interfering cell, as otherwise the UE might always need to perform CRS presence detection in TDD in subframes that may be flexible subframes. It seems like an overkill for the UE to always do this CRS presence detection on a per-subframe basis just to account for the possibility of the TDD network to utilize eIMTA, which is likely not the case for the majority of TDD networks.
Our proposal is to signal the SIB1-based UL/DL configuration of the interfering cell if it is different from the serving cell. By default the UE may assume it is the same as in the serving cell, and that eIMTA is not applied. Having the indication of UL/DL configuration included in the network assistance information could be also considered as an indication that the cell is eIMTA-enabled (even if the SIB1-configured UL/DL configuration is the same as that of the serving cell).
Signaling the UL/DL more dynamically is probably not feasible considering all situations/scenarios including non-ideal backhaul cases. 

	LG Electronics
	Signalling TDD configuration could be beneficial for reducing UE complexity if each TP has a different configuration. However, before further discussion, we need to clarify the technical motivation for TPs to have different configurations.

	Broadcom
	Knowing the TDD UL/DL configuration is beneficial to avoid detecting whether CRS exists or not.

	Ericsson
	As discussed in R4-142734, we agree TDD aspects deserve further study.  Until RAN4 complexity analyses and performance results are available that identify the need, it’s not clear to us that aspects such as UL/DL configuration require assistance signalling.

	Intel
	The traditional (non-eIMTA) TDD systems operate synchronously in time with perfectly aligned SIB-1 UL/DL configurations are across different cells in the same band. Therefore, for enabling NAICS processing in the DL and special subframes no additional higher signalling is required and UE might assume that same UL/DL configurations are used in the serving and neighbouring cells. 
For LTE TDD eIMTA systems, NAICS receivers can be applied in the regular DL and special subframes indicated by SIB1. To support NAICS processing in the reconfigurable DL and special subframes monitoring of UL/DL reconfiguration DCI on the neighbouring cell would be required together with some higher layer signalling information to enable decoding of the corresponding reconfiguration DCI (e.g. eIMTA RNTI, periodicity and subframes used for reconfiguration DCI transmissions, etc.). Alternatively, detection of CRS presence should be required in the flexible subframes. Both approaches imply increased UE implementation complexity and need further study. To simplify NAICS implementation in Rel-12 enhanced processing in flexible subframes may not be mandated. The actual mechanism for handling interference in the flexible subframes of TDD systems can be decided from these alternatives also considering small cell on/off operation which may require similar CRS handling. In our view, the UE should at least be informed if eIMTA dynamic UL-DL reconfiguration is used in the neighbouring cells. In case if UE knows that eIMTA dynamic UL-DL reconfiguration is not used in the neighbouring cell, it can apply processing in the DL and Special subframes indicated by SIB1 only as in non-eIMTA systems.

	Samsung
	Regarding NAICS + eIMTA issue, our understanding is that under eIMTA feasible network deployment, the inter-cell distance is larger than a threshold that the uplink-downlink interference is acceptable. Thus, we don't expect the inter-cell interference is strong enough to be detected by NAICS UE. So, we tend to say that the deployment scenario for NAICS and eIMTA are conflict each other. For the signaling of DwPts configuration, we tend to prefer not mandate to enable NAICS receiver on special subframe.

	Nokia & NSN
	Several operation modes are possible for NAICS and eIMTA. 

Alt 1. If there is significant interference in eIMTA, quite likely the interfering cell is utilizing the same DL/UL configuration as the serving cell and the NAICS UE can follow its own DL/UL configuration.

Alt 2. Signaling of the SIB-1 based UL/DL configuration would enable the NAICS operation in the fixed DL subframes. Here we assume that in case the serving cell’s DL subframe collides with an UL subframe, no cancellation is performed. Nevertheless, in eIMTA UL/DL configuration may change on per radio frame basis; however such changes translate only in missed IC opportunities for the NAICS UE. It is not clear what are the practical benefits of alt 2.over alt 1 which also achieves the similar IC efficiency.

Alt 3. Signaling the dynamic eIMTA UL/DL configuration is not feasible using the higher layer signaling currently supported by NAICS due to excessive latency. 

Our view is that no signaling is needed and the NAICS UE follows its serving cell’s UL/DL configuration (Alt 1).  

	MediaTek
	The same DL/UL and DwPTS configuration will be used in macro deployment environment (scenario #1 for example). For small cell, different configuration and eIMTA can of course happen. However, in such cases the interference is not just from PDSCH but also from PUSCH in which case some signaling can be useful if the UE can know the subframes that may become UL instead of DL.  


	Qualcomm
	Our preference is a simple RRC indication of whether eIMTA is supported or not in the neighbor cells. Since eIMTA configuration can change dynamically, we don’t see a need to signal more detailed dynamic configurations. 

	ALU
	Since UE need only perform NAICS in the downlink, it can assume the configuration of the serving cell.  The UE should have a mechanism to detect the presence and absence of PDSCH interference and hence for situation where the DL of the serving cell is not aligned with that of the interfering cell, such PDSCH detection would stop UE from trying to perform any cancellation.

	ZTE
	Considering the TDD configurations change dynamically in eIMTA, it’s not clear to us how higher layer indication of TDD configuration to the victim UE can be of use.

	HW, HiSi
	In a non-eIMTA TDD system, network assistance signalling could be applied as usual. It could be difficult for NAICS UEs to be high layer signalled in eIMTA scenarios in which TDD configuration is changing dynamically. We share similar views with LGE and Samsung on the motivation of study eIMTA cases for NAICS. 

	CATT
	We agree with MediaTek’s comment above, in non-homogeneous deployment scenario the DL/UL and DwPTS configuration could be different among different cells, where some signalling can be useful.


Observations and proposals:
1) The only TDD related signalling is due to eIMTA operation where some DL subframes can be used for UL. However there is no result on whether the UL interference is strong enough in practice to cause problem for NAICS. Some companies think a simple indication of whether eIMTA is applied or not will be sufficient and some thinks further information on the fixed DL subframes will be useful. Higher layer signalling of the dynamic configuration may not be feasible. Decoding of the DL/UL reconfiguration DCI may also be infeasible without more knowledge.     
Proposal 7: Defer to RAN1 #78. Note that there will not be any RAN4 work in August. If no agreement can be made in RAN1, which means no signaling by default, it is up to RAN4 to decide whether to support eIMTA operation.
Objected by:
g. How to associate the above higher layer signalling with a cell ID or other parameters (e.g., virtual cell ID, nSCID)? A typical example is to signal a list of parameters under a set of cell IDs. 
	Company name
	Proposal and explanation (on signalling association)

	NVIDIA
	Our view is that the higher-layer signalling is similar to the existing CRS-AssistanceInfo, such that there is a list of candidate NAICS cells, and a list of NAICS parameters for each cell. This list contains basically all the agreed parameters, however as listed below, some of the parameters do not always necessarily need to be included in the RRC signalling if some default values are specified. A single entry in the NAICS assistance information could look like as follows:
· Physical cell ID
· Number of CRS ports, MBSFN subframe configuration, P_B (P_B could have a default value corresponding to no boosting)
· Subset of P_A values (could be an optional RRC parameter if we define a default subset containing only one value equal to -3 dB)
· Subset of VCID+nSCID combinations (could also be an optional RRC parameter if we define a default subset containing only PCI with nSCID={0,1})
· QCL CSI-RS resource per VCID
· Subset of transmission modes (again could be made an optional RRC parameter if some default set is defined)
· PDSCH starting position
· UL/DL configuration (again default being the same as serving cell and no eIMTA)
· ZP CSI-RS configuration (CSI-RS-ConfigZP)
· Interference parameters granularity (default 1 PRB pair)

	LG Electronics
	It is natural that a list of parameters is defined per TP since each TP can use different CSIRS configuration, QCL information, and PDSCH starting symbol. It seems not proper to associate the above higher layer signalling with a cell ID, considering the scenario in which multiple RRH share the same cell ID.

	Broadcom
	We tend to agree with LG and further, one could signal just a list of interfering PDSCHs. Parameters for each channel could be built like in the existing QCL signalling but of course containing the agreed NAICS signalling parameters. The QCL information could be used to enable UE to track timing and frequency error from the CRS and/or CSI-RS or perform channel estimation from CRS if CRS based TM is used.

	Ericsson
	We also agree that the signalling should be more PDSCH-based than cell-based.  In general, NAICS assistance signalling should be designed to minimize its impact on eNB scheduling flexibility.  Therefore, TM10 PDSCH CCIDs (i.e. VCID+nSCID) should not be strictly associated with a cell ID.  Instead, assistance parameters should be associated with interfering PDSCH identifiers.  In the case of CRS TMs, a PDSCH can be identified with a cell ID and/or nSCID, whereas for TM10, the PDSCH can be identified with a pair of CCIDs.

	Intel
	For TM1-9 the parameters can be defined per cell ID. For TM10 another set of parameters should be defined per each VCID+nSCID pair and signalled for TM10 capable UEs only.


	Samsung
	For TM1-9, it is clear that NA parameters should be associated to cell-ID. For TM10, according to Rel-11 QCL discussion, time-frequency synch of CSI-RS is derived based on QCL with CRS as well as DMRS channel estimation is performed based on QCL with CSI-RS. Given such discussion and the fact that we agreed to allow NAICS operation for TM10 interference in Rel-12, QCL between CRS, CSI-RS, and DMRS should be supported for Rel-12 NAICS. Therefore, it should be the straightforward to have a linkage between cell ID, CSI-RS, and VCID+nSCID. That is, for all TMs 1-10, NA parameters should be associated to cell ID. How to associate cell-ID and NA parameters in RRC would be up to RAN2.

	Nokia & NSN
	Looking at the existing TMs, TM1-9 are utilizing cell ID based association while TM10 departed from this principle. Nevertheless, even in TM10 the cell ID is needed in order to allow TPs under different PCIs be indicated through NW assistance to the NAICS UE. 
Our view is that higher layer parameters association should allow different number of points in different cells. How exactly the signalling is provided to the UE should be a RAN2 discussion.  

	MediatTek
	A set of parameters can be provided where the set will include physical cell ID and, if TM10 is also enabled, VCID+nSICD subset will also be included. Physical cell ID is likely to be always there even in the case of TM10 CoMP scenario 4. But it may not be a strong “association” of all other parameters to physical cell ID (like indexed by cell ID), but rather we tend to envision the signalling as a set of parameters included in a “sub-IE” in the top-level “NAICS IE” for example.   

	DCM
	We consider that NAICS information could be associated with a physical cell ID in TM1-9. In TM10, however, such association is not enough considering the scenario in which multiple RRH share the same cell ID. We would agree to associate NAICS information with each TP, i.e., NAICS information could be associated with VCID. In this case, if the subset of combination of VCID and nSCID is signaled to UE, UE can assume that NW information is associated with VCID instead of a physical cell ID.

	Qualcomm
	For TM1-9, all NAICS signaling should be provided per cell ID. For TM10, NAICS signaling should be provided per vitual cell ID as in DMRS VCID+nSCID pair.  

	ALU
	As already suggested by most companies, for TM1-9 the NAICS signalling is associated to a Cell ID.  For TM10, for DPS operation, VCID may be associated to different TP and therefore a permanent association of NAICS signalling to a VCID may not be the best way.  However, we would suggest that RAN2 is better suited for defining such signalling.

	ZTE
	For TM1-9 the NAICS signalling is associated to a Cell ID. For TM10, the NAICS signalling is provided in addition per VCID+nSCID pair.

	HW, HiSi
	For TM1-9, each cell ID is associated with a set of NAICS signalling parameters. In TM10, the additional parameter, i.e., the combination of VCID+nSCID is also included in the set of NAICS signalling parameters.

	CATT
	In our view, the signalling should be PDSCH-based and should avoid network restriction. For TM10 PDSCH associated with CCIDs (i.e. VCID+nSCID) and not to the Cell ID. For CRS based TMs PDSCH can be associated with Cell ID, it should also be discussed how many sets of higher signalling corresponding to how many interferers (from multiple cells) are provided.  


Observations and proposals:
1) It is the common understanding that the interference parameters can be associated with a physical cell ID for TM1-9 and with a VCID+nSCID for TM10. Note that the agreed HL signalled parameters so far are physical cell ID, PB, CRS ports, MBSFN pattern, subset of PA, subset of VCID+nSICD, and TMs, with FFS on QCL, CSI-RS, and PDSCH starting symbol. It is not clear how to associate parameters like physical cell IDS, PB, PA, MBSFN pattern to VCID+nSICD. So obviously TM10 related signalling is the question here. If QCL with CRS and CSI-RS is agreed, it seems that most of the parameters are associated with physical cell ID, including VCID+nSCID. For CoMP scenario #4, there will be multiple combinations of VCID+nSCID associated with the same cell ID.  But for all other COMP scenarios, an association with cell ID is a straightforward approach.     
Proposal 8: Agree that PB, CRS ports, MBSFN pattern, subset of PA, and subset of TMs are associated with physical cell ID. Discuss further until RAN1 #78 the best signalling format for TM10, based also on VCID+nSCID, QCL, and CSI-RS signalling decisions.
Objected by:
2) NAICS signaling provisioning: “FFS: Network assistance signalling from serving eNB can be provided to UEs with new NAICS-specific trigger, and if so the triggering event/condition”
· What is the procedure? Is there any RAN1 spec impact? If not, what do we need to tell RAN2 or can we leave it to RAN2 discussion?
· What is the benefit, in addition to the mechanism of serving eNB providing NW assistance signaling without any new NAICS-specific report/trigger?
	Company name
	Views

	NVIDIA
	In our view there is no need for any new triggers/events. The eNB should be able to determine the required assistance information based on e.g. existing RSRP reporting mechanisms. We do not see much difference here compared to provision of the existing CRS assistance information.

	LG Electronics
	We do not see the need of introducing new NAICS-specific trigger for the following reason. In our view, network assistance information for multiple interfering TPs are given to a UE and the UE is going to select at least two NAICS target TPs among them based on received RS power. Then it blindly detects interference existence for the two TPs and cancels one of them. Given that NA information for multiple TPs is indicated to the UE and the UE can select the strongest TP, a similar mechanism for CRS-IC in feICIC can be used.

	Broadcom
	Current cell search and measurements provides events for the network to be aware on the cells close to the UE. There seems to be no additional triggers for feICIC either. The main difference between e.g. feICIC and NAICS is the need to take into account the dynamic scheduling of the system but higher layer triggers could be too slow for this.. However, we would be interested to learn more on the intended utilization of the triggers to form a final opinion. 


	Ericsson
	We would like to better understand the NAICS-specific trigger before commenting.  
We do support the general idea of a ‘proactive’ approach, characterized as where the UE is provided assistance for multiple cells/points, and where UE implementation determines the interferers to which NAICS functionality is applied.  (In our understanding, details such as how the UE uses CRS and PDSCH power to target a PDSCH to suppress are still being discussed in RAN4 and may require system level simulations in RAN1.)  
The CSI reporting variability as well as the values indicated in the CSI reports can be different between when NAICS is or is not used. Also, not all UEs may require NAICS assistance (or the same amount of NAICS assistance) to use NAICS functionality.  Therefore, there may be some benefit to the eNB knowing if NAICS is used or not to better understand CSI reporting behaviour in the UE.  It is not clear to us if a UE indicating that NAICS is used or not is addressed by a NAICS-specific trigger.
In summary, we support some of the concepts motivating a NAICS-specific trigger, but would like to better understand it, e.g. with respect to CSI reporting and how an event trigger relates to a UE indicating if NAICS is used or not.

	Intel
	There is no need for the additional triggers. The required signalling information can be derived by the eNB from CRS and DRS based RSRP reports. 

	Samsung
	In our view, existing RSRP reporting mechanism would be enough to support NAICS operation. The selection of candidate cells to be associated NA signalling could be done by eNB based on RSRP, DRS or SRS. The final decision on the dominant interfering cell at a certain subframe would be up to UE implementation.

	Nokia & NSN
	As we have stated in R1-142456, the utilization of RSRP seems an accessible option for the serving eNB to provide network assistance. An existing RRM measurement event could trigger the UE to start reporting CSI according to given NAICS configuration, and the eNB would be aware of this since it received the UE measurement report as per normal RRM measurement reporting procedure.
The rest of the signalling operation, that is triggering events, etc, is obviously a RAN2 discussion. RAN1 should further discuss the ON/OFF NAICS functionality in terms of NAICS CSI feedback. 

	MediaTek
	We also think the easiest way to provisioning the signalling is to let serving eNB provide the signalling without any new NAICS-specific report/trigger from a UE. eNB can of course consider the RSRP information triggered from normal RRM measurement. No need to define any NAICS-specific triggers. 

	DCM
	We consider that there is no need or motivation for any new triggers/events, and it is desirable that eNB can arbitrarily configure the HL signalling to NAICS UE based on the existing measurement report such as RSRP

	Qualcomm
	There is no need for additional triggers.  Our preference is to use existing RSRP reporting mechanism for NAICS operation. 

	ALU
	Not all (NAICS capable) UEs are able to operate NAICS effectively (e.g. UE close to the serving cell) and when the number of UEs that can effectively operate with NAICS is low, the network should have a choice not to configure them and thereby avoid unnecessarily imposing restriction at the interfering cell.  Furthermore if the CQI definition is to be change whenever UE is applying NAICS, it is highly beneficial that the network is aware when this is occurring.  I believe most company agree that NAICS should only be configured when it is necessary.
It is recognised that without knowing the necessary parameters of an interfering cell it is difficult for UE to evaluate whether it is operating NAICS effectively and hence triggers based on RSRP or CRS quality of the interfering cell will have to do.  It may also be beneficial for the UE to only search for cells that can (i.e. NAICS capable) or agree to participate in NAICS if it reduces UE measurements.  
In addition to activating NAICS for a UE, similarly, it is also beneficial that we can deactivate NAICS for a UE if the condition is no longer favourable for effective NAICS operation.  In this scenario the UE should be able to tell the network its NAICS performance since the UE would have all necessary information (from interfering cell) to evaluate its performance.  Since the WID expected that the UE performance cannot be worse than that in Rel-11 LMMSE-IRC, this can be the basis for triggering the network.  That is if the UE’s performance is no different to that in Rel-11, the UE should inform the network and the network can then decide to deactivate NAICS for this UE.  RAN1 can suggest the requirement and RAN2 can decide on what trigger to use (and if any new trigger is required).

	HW, HiSi
	Our view is that new NAICS-specific trigger is not needed because it is up to eNB and an implementation issue. In our understanding the eNB can use the already existing reporting info, e.g. RSRP to determine whether to trigger NAICS for UE. 

	CATT
	In general, we support some sort of network signalling to trigger to NAICS since the CSI feedback could be different with NAICS and without. We would like to have better understanding and see the detailed schemes.


Observations and proposals:
1) 10 (out of 13) companies prefer not to define any NAICS specific triggering, citing the reusability of the existing RSRP reporting mechanism for RRM.  3 companies are open to more discussion if there is specific proposal on NAICS-specific trigger.
Proposal 9: Determine from one of the options:
a. Make it a working assumption not to support any NAICS-specific trigger
b. Defer to RAN1 #78. Note that if no agreement can be made in RAN1, which means no NAICS-specific trigger by default.
Option-a is supported by: NVIDIA, Intel, HW,HiSi, LGE, DCM, QC , Samsung, MediaTek
Option-b is supported by: NSN, Nokia, Ericsson, ALU, ASB (Note, we should also consider the case where trigger is used to deactivate NAICS for the UE), ZTE, CATT
3) 4 CRS AP for CRS-based TMs: “whether to support of 4 CRS APs based CRS-based TMs and whether NAICS precoding matrix assistance signalling may be needed in this case”
· Please clarify the HL signaling impact due to “support” of 4 CRS APs, other than the agreed signaling of the number of CRS APs.
· Note the following status in RAN4 has not concluded on the blind detection feasibility of 4 CSR APs for CRS-based TMs and thus is continuing to study. Hence, the RAN1 discussion could focus on system impact when NAICS precoding matrix assistance signalling may be needed.
	Company name
	Views

	NVIDIA
	Relevant parameters for 4 CRS antenna ports include at least PDSCH starting position and codebook subset restriction signalling (i.e. NAICS precoding matrix assistance signalling). As we clarified under question e, PDSCH starting position is needed in case of 4-Tx to ensure correct understanding of the LD-CDD precoder cycling phase in TM3, and in general there is no other way for the UE to get this information except signalling the PDSCH starting position (it could also be fixed but the eNB has to obey the fixed value in that case which would be more restrictive). In general for 4-Tx, TM3 seems to be particularly problematic due to the issue of precoder cycling phase - note that this could mean that more information even about the PRB allocation granularity is needed since with the current knowledge the UE would have an ambiguity about the precoder phase in 4-Tx case.
Codebook subset restriction on the other hand would be potentially needed to reduce UE blind estimation complexity; however we should leave it for RAN4 to first study how much complexity reduction is needed. From RAN1 side we could in principle conclude on how much the codebook can be restricted without significant performance loss, however RAN4 would still need to provide their view on what is actually needed before we can conclude on the actual signalling.

	LG Electronics
	It seems desirable not to support 4 ports CRS-based TMs in Rel-12, considering additional complexity and possible performance loss for BD. We are not convinced of BD feasibility not only for TM4/6 but also for TM2/3. For example, in case of 4 port CRS based TM2, there are new ambiguity with regard to SFBC pair to RE mapping. As we have known, there are two SFBC pairs corresponding to antenna port 0,2 and port 1,3, respectively, and each SFBC pair is mapped to RE alternately. In this case, the point is that there are two possibilities whether RE mapping starts from SFBC pair corresponding to antenna port 0,2 or SFBC pair corresponding to antenna port 1,3, and it depends on the total allocated RBs for this TM2 interference and rate matching information. Even if interference CSI-RS for rate matching is given to NAICS UE, the UE is not able to address this ambiguity since it does not know the total allocated RBs for this TM2 interference. We should consider this new technical issue coming from 4 port CRS based TM2. Also, 4 port CRS based TM3 has a similar problem with regard to cycling PMI to RE mapping.

	Broadcom
	The precoding detection complexity increases and blind detection performance decreases as the number of candidates increase. In principle, subset restriction could be considered but RAN4 studies would be needed for this case in order to consider it further. 
On the other hand, considering the SFBC (and large delay CDD), the UE should be aware where the SFBC block or phase rotation pattern is located. This is difficult for the 4 CRS AP schemes since the pattern location in respect to the resource block boundary may depend on the UE allocation. 
Considering the above, the support of 4 CRS AP schemes seems undesirable.


	Ericsson
	In our understanding, the signalling impact of supporting 4 CRS APs for CRS-based TMs is at most to signal the number of CRS APs for an interferer, and/or precoding matrix assistance.  Since the number of CRS ports has already been discussed, we only need to decide if precoding matrix assistance signalling is specified or not.
Given the RAN1/4 discussions so far, the motivation for precoding matrix assistance seems to be to limit the impact on UE complexity.  As discussed in R4-142735, UE complexity for PMI detection is driven by the number of precoding matrices a UE must blindly detect (and therefore also by the interferer’s rank) and, probably to a lesser degree, if a 
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factor is used in the precoding matrices.  Therefore, if specified, precoding matrix assistance signalling should target reduced blind detection complexity, strictly limiting the number of precoding matrices to a number less than 16 per interfering rank (or 32 for both rank 1 and rank 2).  As discussed in R1-142321, this assistance signalling can be straightforward extended from Rel-8 codebook subset restriction.  The need for this assistance, and the reduced number of precoding matrices needed to make NAICS support for 4 CRS based TMs with 4 CRS APs have feasible UE complexity should be determined by RAN4.
R1-142321 also considers the impact on performance if codebook subset restriction is used.  In the NAICS scenario 1 conditions considered, 1.3x-2.0x codebook size reduction was found to be possible with 1-5% downlink throughput reduction.  Therefore, from a system level performance throughput, codebook subset restriction can further considered.
Regarding TM3, TM3 uses only rank 2 transmission with a small number of real valued PMI matrices having unit magnitude elements, so blind detection can have low complexity and good performance.  We would further add that 4 CRS port TM3 may not be the most essential TM for NAICS to suppress, since it would normally be configured for a limited number of interfering UEs in good enough channel conditions for rank 2, but with insufficient channel information to allow channel tracking precoding to be used.
Regarding SFBC/TM2, our internal studies so far have not shown a large performance loss from SFBC mapping shifts in the 2 CRS port case.  Also, it is not clear to us that the performance impacts to 4 CRS ports will be any different than for 2 CRS ports.  We plan to share TM2 results, and would appreciate results from other companies.  
In general, we think it is important to understand the extent to which improved TM2 performance benefits cell throughput and/or mobility. If TM2 is configured in a transmission point that transmits TM9 or TM10, then it will normally be used as a fall back mode.  Since TM2 will then be scheduled relatively infrequently, substantial link gains would be needed to have any benefit to cell throughput.  Since studies above 3 kph have not been a focus area of NAICS studies, we do not see that the use of TM2 can be motivated by UE speed.
In summary,
· At most, the signalling needed to support 4 CRS APs for CRS-based TMs is the number of interfering CRS APs and precoding matrix assistance signalling.

· The design of any needed precoding matrix assistance signalling should target blind detection complexity, and can be straightforwardly extended from Rel-8 codebook subset restriction. 

· The need for the signalling and the number of precoding matrices needed to make UE blind detection complexity feasible should be determined by RAN4. 

· The performance impacts of PDSCH to RE mapping shifts for TM2, including if there is any difference between the 2 and 4 port cases, should be quantified before drawing conclusions on the design of NAICS.
· The extent to which TM2 and/or TM3 will be scheduled in a cell, as well as the NAICS gains when receiving these TMs, should be taken into account when deciding how optimally they should be supported.

	Intel
	Feasibility and benefits of CRS based interference suppression and cancellation relying on 4 CRS antenna port transmissions should be addressed in RAN4. So far, the RAN4 has reached agreement on NAICS feasibility for CRS based TMs for the case of 2 CRS APs only. Our studies have shown high PMI/RI detection complexity for the case of TM4 interference handling in case of 4 CRS APs in case of full codebook subset. So, in our view, by default, the support of CRS-based PDSCH interference handling in case of 4 CRS APs should be disabled as long as opposite in not agreed in RAN4.


	Samsung
	In our view, we need more comprehensive study on trade off between BD feasibility and system performance degradation due to RI/precoding restriction. But so far both RAN1 and RAN4 have focused on 2CRS ports case. Given Rel-12 time frame, we prefer to finalize Rel-12 NAICS features based on the results we have now. Feasibility on 4CRS ports NAICS could be studied in future releases.

	Nokia & NSN
	Precoding matrix assistance signalling has been identified as one way to limit the blind detection complexity in the case of 4 CRS APs. From RAN1 perspective it is sufficient to agree that such mechanism will be utilized, however there is a need to coordinate with RAN4 conclusion on what is the total number of hypothesis acceptable for blind detection. 
Our current view is that 4CRS AP should be supported by NAICS and the precoding matrix assistance signalling is one way to limit the BD complexity. 

	MediaTek
	

	DCM
	From our perspective, although it is not preferable to preclude a specific deployment scenario, deploying 4 CRS APs is not urgent. The main impact for the HL signalling due to “support” of 4 CRS APs may be whether the subset restriction and signalling for PMI for TM4/6 is required or not. 
We consider that subset restriction and signalling for PMI is acceptable if there is no impact of the restriction on the system performance. However, we are not so certain that we could make it for this work within Rel-12. We would like to see the feasibility study of the PMI detection for 4 CRS APs without NW assistance which is to be discussed in RAN4 performance part.

	Qualcomm
	Given that we have only one meeting left for Rel 12, our preference is not to support NAICS for 4 Tx in Rel 12, and can be addressed in later release.

	ALU
	It seemed the issue to support 4 CRS AP is the complexity in blind decoding for the increased precoding matrix.  Restricting to 2 CRS AP does seem like a limitation and therefore it is worth considering precoding matrix restriction to reduce the UE’s BD.

	HW, HiSi
	The support of NAICS for 4 CRS ports is related to whether the trade off of blind detection complexity and performance is acceptable. For this issue, RAN1 has asked RAN4 to investigate the feasibility and complexity for supporting 4 CRS APs, and therefore it is better to make a decision depending on RAN4 evaluation on 4 CRS APs scenarios. So it is expected RAN4 could provide further performance results  to verify  and then RAN1 can identify the system impacts due to support of 4 CRS APs.

	CATT
	In our view the main issue with supporting 4 CRS APs is the UE complexity, we think the precoding matrix assistance signalling can be a solution to address the complexity issue.


Observations and proposals:
1) 10 (out of 13) companies prefer not to define any NAICS specific triggering, citing the reusability of the existing RSRP reporting mechanism for RRM.  3 companies are open to more discussion if there is specific proposal on NAICS-specific trigger.
Proposal 10: Determine from one of the options:
a. Define PMI subset restriction for 4 CRS ports case to allow RAN2 to define relevant signaling. Leave it to RAN4 on the signaling used for test   
b. Not to support 4 CRS AP based CRS-based TM in Rel-12 
c. Defer to RAN1 #78, and take into account or align with RAN4 decision. Note that if no agreement can be made in RAN1, which means no signaling by default, it is up to RAN4 to decide whether/how to define tests and performance.
Option-a is supported by: NSN, Nokia, Ericsson (second preference), CATT
Option-b is supported by: Intel (first preference), LGE, QC (first preference), Samsung
Option-c is supported by: NVIDIA, Intel (second preference), Ericsson (first preference), HW,HiSi, DCM, ALU, ASB, QC(second preference), ZTE, CATT, MediaTek
3. Summary of email discussion
Q1: Restricted subset of PA: 3 or 4 PA values? What are the exact values?
Observations and proposals:

1) 8 (out of 13) companies 3 values which was agreed as a baseline, while 2 companies prefer 4 values. 2 companies are fine with either and 1 company want to defer to RAN4; 2 companies prefer 3 values

Proposal 1: Agree on 3 PA values. Inform RAN2 to define the signalling for three values. 

Supported by: NVIDIA, Intel, HW, HiSi, LGE, QC (we are also ok if these values are configurable from the existing Pa values), Samsung, ZTE, CATT, MediaTek

Objected by: NSN, Nokia, Ericsson (do not object if eNB can select the subset of Pa values), DCM (do not object if the exact values are configurable) 

2) As to the exact values, there are three options for a way forward. Option-“a” had more company support.

a. Select from the current 8 values

b. Agree and define additional values in RAN1 #78 (or earlier) and then inform RAN2 

c. Configurable by eNB  

· Note that “p-a” is currently signalled in “PDSCH-Config” IE as the “enumerated” data type (see below). RAN2 may not be clear on how to define them (e.g., quantization of those configurable values) 

PDSCH-ConfigDedicated::=

SEQUENCE {


p-a








ENUMERATED {












dB-6, dB-4dot77, dB-3, dB-1dot77,












dB0, dB1, dB2, dB3}

}
Proposal 2: Agree on “option-a” as working assumption. If option-a is not agreeable, we can defer the decision to RAN1 #78 (i.e., option-b). Note that one of the above options must be adopted by then. Note that it is not an optional to not to define anything. Hence if no consensus still cannot be reached by then, “option-a” may be adopted automatically from the perspective of RAN2s signalling definition.   

Supported by: NVIDIA, Intel (with a note that we also need to discuss the extension of Pa to QPSK on the serving cell), HW, HiSi, ALU, ASB, QC (we are also ok with option c where the configured values are listed above as in current Pa table), Samsung, ZTE, CATT, MediaTek
Objected by: NSN, Nokia, Ericsson (but support option-b if eNB can select the subset of Pa values), DCM (option-c)
Q2: What is the corresponding maximal subset size of combination of VCID and nSCID in TM10 (in the range of 6 to12)?
Observations and proposals:

2) All company agree that two VCID+nSCID combinations per TP are adequate. 5 companies clearly indicated the preference for 6 combination and 4 companies for 12 combinations, while others think that it depends on the total number of cells and the numbers of TPs in each cell.

Proposal 3: Determine from one of the options:

a. Agree to inform RAN2 to define signalling up to 12 combinations of VCID+nSCID. RAN4 performance test may define the test setup with a smaller number based on further discussion of deployment practice and further performance evaluation.

· Note it is up to RAN2 to decide how to enforce the upper bound of 12 combinations

b. Do not limit the combination of VCID+nSCID from a signaling perspective, i.e., allowing eNB to signal all the TPs in all neighboring cells. It is still up to RAN4 performance test setup discussion to determine a suitable number. 

c. Same as option a, but signaling of 6 combinations of VCID+nSCID

Option-a is supported by: ALU, ASB (second choice), ZTE, MediaTek (although Option-c is also acceptable)
Option-b is supported by: NSN, Nokia, Ericsson, ALU, ASB (1st choice)

Option-c is supported by: [Intel], QC, Samsung, [LGE], CATT (within range of 6 to 12)

Intel: We prefer at most 6 combinations of {VCID, nSCID}, so at this stage both options are not acceptable to us. We would like defer the decision on the maximum number of {VCID, nSCID} pairs to RAN1#78 meeting.  

QC: the agreement from last meeting is to support {VCID, nSCID} in the range of [6,12]. Our preference is 6, but may consider larger value within the range of [6,12] as a compromise between blind detection complexity and network scheduling flexibility. Option b is not a valid option as it is not in sync with the last meeting’s agreement.
Q3: Is zero power and non-zero power CSI-RS configuration required in NAICS higher-layer signaling?
Observations and proposals:

2) 10 (out of 13) companies prefer the signalling of ZP and NZP CSI-RS and 1 company is fine if the signalling is optional. 2 companies prefer no signalling or would like to see more results before decision. 

· Note that if signalling is not defined at RAN1 #78, RAN4 performance evaluation may lead to different observations on the performance loss under different CSI-RS configurations. There is the risk of no performance test or even no TM10 support for Rel-12. 

Proposal 4: Agree as a working assumption to allow RAN2 to start the signalling definition work, while allowing RAN4 to further determine the performance test condition and whether the signalling is provided for the considered tests. 

Supported by: Intel, HW,HiSi, LGE, DCM, QC, Samsung, ZTE, CATT, MediaTek 

Objected by: NSN, Nokia, Ericsson

ALU, ASB: If “start signalling definition work” includes having an optional signalling then we can support this.  

Q4:  Is QCL information required in NAICS higher-layer signaling?

Observations and proposals:

2) 9 (out of 14) companies thinks QCL signalling is needed by for example associating a VCID+nSICD with a CSI-RS and CRS. 4 companies don’t want to have the signalling due to concerns of CoMP operation constraint (i.e., fixed association of DMRS with CSI-RS instead of allowing the dynamic selection from 4 states via “PQI”). 

Proposal 5: Determine from one of the options:

a. Make it a working assumption to allow the association of CSI-RS and physical Cell ID with a VCID+nSICD combination, so that RAN2 can start the signaling definition in August meeting (related to question-g on signaling association)

b. Defer to RAN1 #78, and take into account or align with RAN4 decision. Note that if no agreement can be made in RAN1, which means no signaling by default, it is up to RAN4 to decide whether/how to support or define test for TM10 CoMP operation under type-B QCL)

Option-a is supported by: Intel (note that we need to discuss how many NZP CSI-RS for QCL can be configured and whether QCL/VCID is supported by non TM10 capable UEs), HW,HiSi, LGE, DCM, QC, Samsung, CATT, MediaTek
Option-b is supported by: NSN, Nokia, Ericsson, ALU, ASB, ZTE

Q5: Is PDSCH starting position information required in NAICS higher-layer signaling?
Observations and proposals:

2) 10 (out of 14) companies thinks PDSCH starting symbol signalling is useful especially if it is optional. While PCFICH detection is an implementation option, it is not suitable for TM10 and CA. Hence NAICS UEs will need to prepare for cases with and without signalling.  We can leave it to RAN4 to decide whether/how tests should be developed for one or both cases.   

Proposal 6: Determine from one of the options:

a. Make it a working assumption to allow the optional signaling of PDSCH starting symbol, so that RAN2 can start the signaling definition in August meeting 

b. Defer to RAN1 #78, and take into account or align with RAN4 decision. Note that if no agreement can be made in RAN1, which means no signaling by default, it is up to RAN4 to decide whether/how to define tests and performance.

c. Signaling of PDSCH starting symbol is supported, but one of the signaled value is follow PCFICH 

Option-a is supported by: Intel , ALU, ASB, MediaTek
Option-b is supported by: NSN, Nokia, Ericsson, HW,HiSi, DCM (do not object if RAN4 suggests the need for the signaling and if the definition and interpretation of this signaling are clarified), ZTE, CATT

Option-c is supported by: QC
QC: signal PDSCH starting position is needed when PCFICH does not indicate PDSCH starting position (TM10 and/or CA with cross-carrier assignment in the neighbor cell), but not needed when PDSCH starting position follows PCFICH. In that sense, we can also consider option c as a possible compromise between options a and b.
Q6: Is TDD UL/DL configuration information required in NAICS higher-layer signaling?

Observations and proposals:

2) The only TDD related signalling is due to eIMTA operation where some DL subframes can be used for UL. However there is no result on whether the UL interference is strong enough in practice to cause problem for NAICS. Some companies think a simple indication of whether eIMTA is applied or not will be sufficient and some thinks further information on the fixed DL subframes will be useful. Higher layer signalling of the dynamic configuration may not be feasible. Decoding of the DL/UL reconfiguration DCI may also be infeasible without more knowledge.     

Proposal 7: Defer to RAN1 #78. Note that there will not be any RAN4 work in August. If no agreement can be made in RAN1, which means no signaling by default, it is up to RAN4 to decide whether to support eIMTA operation.
Objected by:
Q7: How to associate the above higher layer signalling with a cell ID or other parameters (e.g., virtual cell ID, nSCID)?
Observations and proposals:

2) It is the common understanding that the interference parameters can be associated with a physical cell ID for TM1-9 and with a VCID+nSCID for TM10. Note that the agreed HL signalled parameters so far are physical cell ID, PB, CRS ports, MBSFN pattern, subset of PA, subset of VCID+nSICD, and TMs, with FFS on QCL, CSI-RS, and PDSCH starting symbol. It is not clear how to associate parameters like physical cell IDS, PB, PA, MBSFN pattern to VCID+nSICD. So obviously TM10 related signalling is the question here. If QCL with CRS and CSI-RS is agreed, it seems that most of the parameters are associated with physical cell ID, including VCID+nSCID. For CoMP scenario #4, there will be multiple combinations of VCID+nSCID associated with the same cell ID.  But for all other COMP scenarios, an association with cell ID is a straightforward approach.     

Proposal 8: Agree that PB, CRS ports, MBSFN pattern, subset of PA, and subset of TMs are associated with physical cell ID. Discuss further until RAN1 #78 the best signalling format for TM10, based also on VCID+nSCID, QCL, and CSI-RS signalling decisions.

Objected by:

Q8: Is new NAICS-specific trigger needed for NAICS higher-layer signaling? If so, the triggering event/condition?

Observations and proposals:

2) 10 (out of 13) companies prefer not to define any NAICS specific triggering, citing the reusability of the existing RSRP reporting mechanism for RRM.  3 companies are open to more discussion if there is specific proposal on NAICS-specific trigger.

Proposal 9: Determine from one of the options:

a. Make it a working assumption not to support any NAICS-specific trigger

b. Defer to RAN1 #78. Note that if no agreement can be made in RAN1, which means no NAICS-specific trigger by default.

Option-a is supported by: NVIDIA, Intel, HW,HiSi, LGE, DCM, QC , Samsung, MediaTek
Option-b is supported by: NSN, Nokia, Ericsson, ALU, ASB (Note, we should also consider the case where trigger is used to deactivate NAICS for the UE), ZTE, CATT

Q9: Whether to support of 4 CRS APs based CRS-based TMs? Whether NAICS precoding matrix assistance signalling may be needed in this case?

Observations and proposals:

2) 10 (out of 13) companies prefer not to define any NAICS specific triggering, citing the reusability of the existing RSRP reporting mechanism for RRM.  3 companies are open to more discussion if there is specific proposal on NAICS-specific trigger.

Proposal 10: Determine from one of the options:

a. Define PMI subset restriction for 4 CRS ports case to allow RAN2 to define relevant signaling. Leave it to RAN4 on the signaling used for test   

b. Not to support 4 CRS AP based CRS-based TM in Rel-12 

c. Defer to RAN1 #78, and take into account or align with RAN4 decision. Note that if no agreement can be made in RAN1, which means no signaling by default, it is up to RAN4 to decide whether/how to define tests and performance.

Option-a is supported by: NSN, Nokia, Ericsson (second preference), CATT

Option-b is supported by: Intel (first preference), LGE, QC (first preference), Samsung

Option-c is supported by: NVIDIA, Intel (second preference), Ericsson (first preference), HW,HiSi, DCM, ALU, ASB, QC(second preference), ZTE, CATT, MediaTek
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