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1. Introduction
During RAN1#76 and RAN4#70, the following conclusion was drawn regarding network assistance information signaling in support of NAICS:
Agreement:

· Further investigation of CSI enhancement is needed in order to ensure that NAICS receivers can achieve a user throughput gain

· Higher-layer signaling of parameters related to interference PDSCH could be beneficial to reduce the blind detection complexity or performance degradation
· It is not precluded at yet that some of the following candidate parameters may be blindly detected

· Candidate parameters for higher-layer signaling for further study both in RAN1 and RAN4 include

· Resource allocation granularity (e.g., a group of PRB or PRB pairs)

· RA type (e.g., type 0, LVRB, Ngap used for DVRB)

· System bandwidth

· Synchronization indication (e.g., CP length)

· CSI-RS configuration
· QCL
· Cell-ID
· CRS ports
· MBSFN pattern
· ρB/ρA
· For the following parameters of interference PDSCH, UE blind detection is desirable to reduce scheduling restriction and signaling overhead, possibly detected from a reduced subset (e.g., RRC signaled) of all values for some parameters

· Presence or absence of interference 

· TM

· For DMRS-based TMs: DMRS ports, modulation order, Virtual cell ID, nSCID, Cell ID, CRS ports, and MBSFN pattern
· For CRS-based TMs: PMI, RI, modulation order, Cell ID, CRS ports, and MBSFN pattern, ρA
· CFI (if not coordinated and required by receiver implementation)
It has been further highlighted that no proper evaluation has been conducted so far on the system level impacts of higher layer signaling for NAICS. Hence, the WID approved in RAN#63 [1] mentions this aspect together with possible network coordination for some parameters as one criterion for determining which parameters will be signaled to the UE via higher layers. In this contribution, we discuss the system level impact of NAICS assistance information signaling but also highlight the closely related UE complexity reduction which comes as a benefit of signaling, together with improved parameter detection reliability.
2. Discussion on higher-layer signaled parameters
In the following, we discuss the implications of higher layer signaling support for NAICS-capable UEs in terms of network restrictions and required level of network coordination. Signaling overhead is another related aspect; however, the considered parameters would be signaled by higher layers, thus we do not believe that overhead will be a major problem, even though there should be a desire to minimize also the amount of RRC signaling. Hence, the decisions should be made primarily based on the UE complexity reduction and IC performance improvement versus required coordination from the network side and possible network restrictions.
CRS parameters

By CRS parameters we refer to the same parameters as signaled in CRS assistance information for LTE Release 11 feICIC, i.e. cell ID, number of CRS antenna ports and MBSFN subframe configuration. It is noted that obviously the cell ID is detected autonomously by the UE, but it still exists in the signaling as an “index” to the other CRS parameters. In fact, the cell ID will need to be associated with all network assistance (NA) information signaled to the UE. The number of CRS ports should be in our view signaled to the UE on a per-interfering-cell basis. This may require some signaling within the network between the eNBs, however as this is already assumed in Release 11 feICIC, this should likewise be feasible in the context of NAICS.

MBSFN subframe configuration belongs to the same category as the number of CRS ports and from that perspective could also be signaled. However, a Release 12 UE might anyway be mandated to detect the presence of CRS in the neighboring cell on a per-subframe basis, due to small cell on/off (depending on the details) and eIMTA where some subframes might be either downlink or uplink. So it could be further studied by RAN4 whether the UE can blindly detect the presence of CRS in the interfering cell. However, it is noted that signaling the number of CRS ports to the UE would still anyway reduce the UE complexity and also increase the reliability of CRS presence detection if it is deemed to be done blindly by the UE.

Parameter PB (together with parameter PA) determines the PDSCH-to-CRS EPRE ratio. PB is a semi-static cell-specific parameter, hence it can be considered to belong to the same category as the other CRS parameters. Therefore, it could be signaled to the UE without performance penalty as the signaling would not incur any restriction to the network.
Proposals:

1. The number of CRS ports and parameter PB shall be signaled to the UE for each cell included in the network assistance information.

2. Discuss further how to handle MBSFN subframe configuration, utilization of small cell on/off and eIMTA in the neighboring cell(s).
· RAN4 actions may be needed to check whether reliable detection of CRS presence can be performed on a subframe basis assuming the knowledge of the number of CRS ports.

Deployment –related parameters
By deployment –related parameters we refer to synchronization, CP length and system bandwidth, all listed in the above agreement. 
In practically all deployments, system bandwidth could be assumed the same for all neighboring cells involved in NAICS. During the Release 11 discussion on CoMP and CSI-RS, it was mentioned that e.g. co-channel small cells with cheaper hardware might use a smaller system bandwidth than some other cells on the same channel. However, such co-channel deployments were seen as a corner case and no system bandwidth signaling was adopted for CSI-RS. Consequently, the requirement scenarios agreed in RAN4 for feICIC and CoMP assume the same bandwidth in all explicitly modeled cells. Following the same principle, the most straightforward way is to not introduce any additional signaling but simply let the UE assume the same system bandwidth in all cells configured for NAICS operation. 
Regarding the CP length, our view is that the UE may assume the same CP length for all the cells for which NA information has been configured, and no additional signaling is thus needed for this. One might argue that in this case NAICS will not support cases where the interfering cells have different CP. Even if the support for different CP lengths would be considered relevant from deployment perspective, this would imply multi-FFT processing and thereby lead to significantly more complex IC processing at the UE side, which so far has not been considered within the SI/WI. In any case, we do not think that restricting NAICS to same CP case represents any significant deployment restriction in practice. Also the same has been assumed for CoMP and feICIC in the past.
Regarding network synchronization, again the same approach can be adopted as for CoMP and feICIC earlier: the UE is not explicitly informed about the synchronization status of the network, but a certain level of synchronization is assumed (within a few microseconds as seen at UE side) in the UE performance requirements in RAN4. This of course has some implications in terms of restricting the deployments in which NAICS can be used. However anything else would, again, require multi-FFT processing and much more complex IC at the UE side, which is out of the scope of the SI/WI.
Proposals:
3. UE may assume the same CP length and system bandwidth for all cells for which network assistance information has been configured.
4. UE performance requirements should be developed assuming a level of synchronization between serving and interfering cells, allowing single-FFT UE receiver implementation.

Resource allocation parameters
Resource allocation parameters refer here essentially to the PRB allocation granularity, which depends on both the resource allocation type and also on the usage of distributed VRBs. There are three resource allocation (RA) types in LTE, and these behave as follows in terms of interference towards a victim UE:

· Type 0: 
The resource allocation granularity is done at resource block group (RBG) level, where the RBG size depends on the system bandwidth (e.g. RBG size equals 3 PRBs for 10 MHz bandwidth). The smallest resource allocation is 1 RBG.
· Type 1: 
This allows allocating resources down to 1 PRB pair granularity, but only on a portion of the band depending on the used RBG subset.
· Type 2: 
The network may allocate a set of contiguous VRBs by indicating the starting position and length of the allocation. In case distributed transmission is used, interference characteristics may vary from one slot to another even within one PRB pair. The smallest allocation with RA Type 2 is 1 VRB and thus in a worst case situation, interference statistics may only be assumed to remain constant over one PRB (one slot) within the PDSCH region. Also, we note that DVRB is always used together with DCI format 1C. 
Additionally, when PMI/RI reporting is configured, a UE configured in TM9 or TM10 may assume that the same precoder applies on all scheduled PRB pairs within a PRG. This also pertains to the interference characteristics which would vary on a PRG basis in that case. Finally, since eNB scheduling decisions are done on the basis of UE generated CSI reports which apply per CSI subband (e.g. 6 PRBs for 10 MHz bandwidth), one could argue that scheduled interference characteristics might also vary per subband in practice, although nothing precludes the eNB allocating resources with finer granularity, especially if transmitting smaller packets.
Factoring the above considerations, it becomes apparent that the absolute worst case in terms of interference granularity would be one PRB when DVRB is in use. At this stage, it is far from clear that blind detection of dynamic interference parameters (i.e. RI, PMI, modulation order, etc.) would be feasible at slot level given the very small amount of samples. Further RAN4 studies will be then needed in that respect. Also, even though the gap value associated with distributed transmission would be signaled to the UE, there is no feasibility study available for the blind detection of LVRB/DVRB transmission.

Restricting the sizes/types of resource allocations at the network side is a sensitive issue since this may impact the system performance (e.g. frequency domain packet scheduling gains), mainly in case of small packets. On the other hand, NAICS operation under the identified worst case conditions seems extremely challenging, and we note that in a typical situation RA Type 0 (or 2) would be used most of the time. It would then make sense to optimize NAICS gains under this assumption, meaning that PRB pairs would be allocated with RBG granularity. In order to reduce the UE search space for blind parameter estimation and to improve detection reliability, it is seen beneficial that the UE may assume, or alternatively, that network could inform the UE whether the interference characteristics may be assumed constant over a number of consecutive PRB pairs, e.g. one PRG, one RBG or even one CSI subband. In this case, the only negative impact from network perspective would occur for the transmission of very small packets, for which the allocation size would need to be unnecessarily increased to match the NAICS UE assumption on interference granularity. Finally, it is reminded that enhanced Type-A performance requirement scenarios assume that interference characteristics vary on a per sub-band basis, and such assumption could be reused for NAICS work.
Observations:

· The smallest resource allocation unit over which the interference characteristics may be assumed constant is one PRB (with DVRB-based resource allocation).

· The small number of samples may make blind estimation unreliable.

· Restricting the resource allocation sizes for NAICS might incur performance loss mainly in case of small packet sizes. 

Proposals:

5. UE may assume, or alternatively, the network could inform the UE whether the interference characteristics may be assumed constant over a number of consecutive PRBs, e.g. 1 PRG or 1 CQI subband.
CFI and PDSCH start symbol
One question is, from which OFDM symbol the UE should start the interference cancellation. If the first cancelled symbol is too early, the UE might do IC wrong since the UE might attempt to cancel something from the PDCCH region, or even from empty REs (if CFI<PDSCH start symbol). On the other hand if the first symbol is too late, there may be some PDSCH symbols for which UE does not perform IC and that would thus suffer from higher interference levels.
It should be noted that detecting the CFI from the interfering cell, in addition to increasing UE detection complexity, might not even provide true PDSCH start symbol as the two are not always equal. For instance, if the aggressor cell is an SCell, or if the interfering transmission is a TM10 transmission with PQI indicating the PDSCH start symbol instead of CFI, the detected CFI might not match with the actual PDSCH start symbol. In such case it might prove useless to detect CFI blindly. Hence, even if the CFI would be detected, the UE would not be able to determine whether that represents the actual PDSCH start symbol or not. On the other hand, UE blind detection of the PDSCH start symbol looks extremely challenging if not even infeasible. 

Hence, an assumption on the interfering cell PDSCH start symbol is required at the UE side. Signaling of this information could provide benefits especially in cases where the dynamic PDCCH region size is not actually used and the PDSCH start symbol remains static anyway. On the other hand, the assumed PDSCH start symbol could be fixed, however even in that case the assumption would need to be specified at least for the purpose of developing the demodulation performance requirements.
It is noted that from network perspective, any assumption signaled to the UE about PDSCH start symbol would not restrict scheduling as the network can always utilize different values with the performance implications discussed above, should there be a mismatch between what the UE assumes and what is actually used. 
Observations:
· PDSCH start symbol cannot be detected blindly by the UE. It may be possible to detect CFI in principle, but CFI does not always provide information about the actual PDSCH start symbol.
· Signaling an assumed PDSCH start symbol does not restrict network operation in any way.

· Some demodulation performance degradation is expected when the interfering PDSCH start symbol does not match with the signaled PDSCH start symbol.

Based on these observations, our proposal is that the UE is signaled an assumed PDSCH start symbol for each interfering cell for which NA information is provided. 
Proposal:

6. UE is signaled an assumed PDSCH start symbol for the interfering transmissions.
Transmission modes
Currently, LTE includes a total of ten transmission modes in downlink. While the UE is not actually required to implement ten different hypotheses to test all possible interfering transmission schemes (since many TMs share the same transmission schemes), it proves beneficial to reduce the number of TM hypotheses whenever possible, as demonstrated by the results provided in a companion contribution [2]. It is very unlikely in practical deployments that all transmission modes would be simultaneously utilized within one cell, hence the UE could be signaled with a restricted subset of transmission modes in order to improve the blind detection performance and save complexity/battery life.
Again, having the possibility of restricting a subset of transmission modes to be included in UE interference hypothesis testing would not in any way restrict network operation and hence does not degrade system performance. On the contrary, since the number of hypotheses can be reduced in most cases, the performance can only be expected to improve.

Proposal:

7. Higher-layer signaling should include a possibility of indicating a restricted subset of transmission modes assumed for the interfering transmission.
PDSCH-to-CRS EPRE ratio (PA)
The parameter PA is used to control the PDSCH-to-CRS EPRE ratio (together with parameter PB). Restricting the blind detection hypotheses regarding these parameters would have a direct impact on the system performance with a few exceptions:
Parameter PA may take on eight different values between -6 dB and 3 dB, and it can be used to control PDSCH power, for instance for purposes of reducing interference to neighboring cells when scheduling cell center UEs. Any restriction in the set of possible values might incur some performance impact which would need further evaluation. On the other hand, blind detection performance could be improved with a reduced set of hypotheses, however this also needs further studies by RAN4. 

Proposal:

8. Include in the higher-layer signaling a possibility of indicating a restricted set of possible values for the parameter PA.
DMRS parameters
The virtual cell ID is needed for channel estimation over the interferer DMRS ports, in case it is not the same as physical cell ID. In TM8 and TM9 the DMRS scrambling is always based on the physical cell ID. Even in TM10 the default values of the virtual cell IDs equal physical cell ID as TM10 can be also operated in a normal single-cell mode. However, in TM10 the UE can optionally be configured with two different virtual cell IDs. In such case from a network point of view, within one cell there may be even more than two virtual cell IDs in use, and hence the interfering PDSCH transmission that the UE is cancelling may be based on any of the subset of virtual cell IDs. In order to avoid excessive blind detection of DMRS scrambling sequences by the UE, a subset of virtual cell IDs could be signaled, with the default subset containing only the physical cell ID of the interfering cell.
Observations:

· If TM10 is in use in the interfering cell, the interfering DMRS may use any of a subset of virtual cell IDs.

· It is infeasible for the UE to attempt all 504 virtual cell ID hypotheses.

Consequently, we have the following proposal:

 Proposal:
9. Include in the higher-layer signaling the possibility of indicating a restricted subset of virtual cell IDs to be assumed for DMRS scrambling.
· The default subset should contain only the physical cell ID of the interfering cell.

3. Conclusion 
In this contribution we have discussed the higher-layer signaling of network assistance information to the UE. Our proposals are listed as follows:
Proposals:
1. The number of CRS ports and parameter PB shall be signaled to the UE for each cell included in the network assistance information.

2. Discuss further how to handle MBSFN subframe configuration, utilization of small cell on/off and eIMTA in the neighboring cell(s).

· RAN4 actions may be needed to check whether reliable detection of CRS presence can be performed on a subframe basis assuming the knowledge of the number of CRS ports.

3. UE may assume the same CP length and system bandwidth for all cells for which network assistance information has been configured.

4. UE performance requirements should be developed assuming a level of synchronization between serving and interfering cells, allowing single-FFT UE receiver implementation.

5. UE may assume, or alternatively, the network could inform the UE whether the interference characteristics may be assumed constant over a number of consecutive PRBs, e.g. 1 PRG or 1 CQI subband.
6. UE is signaled an assumed PDSCH start symbol for the interfering transmissions.
7. Higher-layer signaling should include a possibility of indicating a restricted subset of transmission modes assumed for the interfering transmission.

8. Include in the higher-layer signaling a possibility of indicating a restricted set of possible values for the parameter PA.
9. Include in the higher-layer signaling the possibility of indicating a restricted subset of virtual cell IDs to be assumed for DMRS scrambling.

· The default subset should contain only the physical cell ID of the interfering cell.
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