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1. Introduction
Transmission mode 10 (TM10) shows great flexibility in configuring various transmission parameters. Support for NAICS should therefore obviously be designed so as to not jeopardize the useful flexibility of TM10. 
The flexibility of TM10 includes the possibility to configure via RRC reference signal sequences for both DMRS and CSI-RS, as opposed to previous transmission modes where those sequences are hard-wired to the serving cell ID. Such configurability allows greater choice in deployment options for operators, including the use of shared cell and increased opportunities for MU-MIMO. Furthermore, to support CoMP with dynamic point selection (DPS), two bits in DCI format 2D are available for dynamic signaling of PDSCH mapping and quasi-co-location (QCL) information. This dynamic signaling targets adjusting transmission parameters and UE QCL assumptions so that they are compatible with the potentially dynamically changing point from which the PDSCH transmission in DPS originates from.
The QCL information provides the possibility for a UE to exploit CRS and CSI-RS for, in terms of QCL properties, aiding its demodulation of DMRS based PDSCH transmission. QCL properties make clear which properties of the channel may be assumed by the UE to be related between different antenna ports and are for TM10 as shown in Figure 1.
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Figure 1: The QCL assumptions between DMRS, CSI-RS and CRS ports are with respect to the shown properties.
In the RAN1#77, various NAICS assistance signaling aspects were discussed. As a result, the following agreements related to TM10 DMRS properties were reached [2] :
· Restricted subset of combinations of virtual cell ID and nSCID for TM10

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

· FFS: QCL
· FFS: Zero power and non-zero power CSI-RS configuration (Optionally provided by eNB)
This contribution discusses signaling of higher-layer NAICS assistance information helping the UE to determine DMRS related properties for TM10. 

2. Discussion

Due to the flexibility of TM10, supporting NAICS may at first seem challenging. This is however not true. As we will show, introducing a very reasonable amount of higher layer signaled assistance information allows NAICS to be easily supported for TM10 without jeopardizing the useful flexibility of the transmission mode.

2.1. Subset Signaling of DMRS Sequence Information
The DMRS sequence initialization is in TM10 configurable via the two RRC configurable parameters
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, which in earlier transmission modes were fixed to the serving cell-id. For this reason, the parameter 
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will here be referred to as a configurable cell-id (CCID). In addition, TM10 offers the possibility via the use of the 1-bit parameter 
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to dynamically switch between the two CCIDs, i.e., the used CCID for PDSCH is given by 
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Observation

· DMRS sequence initialization is controlled by two parameters

· Configurable cell-id (CCID) 
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· 1-bit dynamically signaled parameter 
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Forcing the UE to blindly detect interferers among all the 504 different DMRS sequences appears challenging. For this reason, the agreement above was reached to limit the maximum subset size of combinations of virtual cell ID and nSCID (i.e. CCIDs) to a range from 6-12.  However, as was evident during the email discussion following RAN1#77, it is not clear if this range of 6-12 CCIDs represents the total number of CCIDs a UE may be provided in assistance signaling for all interfering TPs, or if this is per interfering TP or per interfering cell.
It is noted that the RSRP reporting keeps track of up to eight different cells/points using CRS. Similarly, also the CRSInfo signaling as part of feICIC is handling up to eight points. It is reasonable to require at least the same kind of tracking capability for DMRS as for CRS implying that the assistance signaling should cover at least 8 points. However, MU-MIMO exploiting the dynamic 
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signaling may be used at each of those 8 points; in fact that was the original motivation behind the introduction of the 
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parameter. This means that 8 points may correspond to a total of 16 different CCIDs, assuming the transmissions from a point are generally confined to at most two different CCIDs.  This then would be the total number of CCIDs signaled to the UE in assistance signaling, such as that described in [3]
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[4].  
Observation

· While a maximum number of CCIDs for NAICS signaling is agreed, it should be clarified how many CCIDs are signaled to a UE in assistance signaling for all TPs
· Reasonable to require at least  the same kind of point tracking capability for DMRS as for CRS
· CRS RSRP reporting keeps track of eight points/cells , so does CRSInfo for feICIC
· MU-MIMO may be used at each point implying up to two different CCIDs per point
Proposal

· The maximum number of CCIDs identified in NAICS assistance signaling provided to a UE (including all TPs) is limited to 
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· Value of 
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 is 16 to handle eight different points using MU-MIMO exploiting the two different 
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· Assuming that specifications are updated to facilitate confining the transmissions from a point to a maximum of two different CCIDs for various supported transmission schemes.
Proposals in RAN1#77 and thereafter to use smaller CCID subset sizes indicate some concern for CCID blind detection complexity, and this complexity should be considered further.  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 maximum number of blind detections used to determine the PDSCH identity can scale in the same way for CRS based TMs and for TM10 DPS if the UE is able to associate the PDSCH with a TP.  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 signaled to the UE.  The details of the mechanisms to associate a CCID with a transmitting point may depend on if NAICS QCL assistance is specified (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
Observation

· Total blind detection effort is likely to be dominated by CRS based TMs, rather than CCID blind detection.
· The number of CCID blind detections can be reduced if a CCID can be associated with a TP and the UE can roughly estimate its average power.
Proposal

· TP specific transmission and interfering TP power ranking are considered first before deciding to set 
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 to a value smaller than 16. 

Dynamic point selection (DPS) can dramatically increase the number of CCIDs a UE must blindly detect.  This since with DPS a neighboring point may transmit DMRS with many different CCIDs, corresponding to transmissions to different UEs which originate from other points than the mentioned neighboring point. This can increase the DMRS CCID search space quite significantly. The problem is illustrated in Figure 2 where the search space is seen to grow from two to ten different DMRS CCIDs.
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Figure 2: DMRS CCID search space growth with present statically configured CCIDs and DPS. A NAICS UE having two aggressor points (marked red) with CCIDs c1 and c2, respectively. The CCIDs of points neighboring (marked yellow) the two aggressor points may also be used in transmissions from the two aggressor points, thereby increasing the search space from two to ten CCIDs. Note that for simplicity the figure shows pure DPS without the combined use of MU-MIMO.
Observation

· DMRS for transmission mode 10 supports DPS which can with present specifications substantially increase needed DMRS CCID search space to meet the goal of tracking at least up to 8 points.
A simple solution to limit the DMRS CCID search space is to associate a pair of CCIDs with a TP.  However, in that case, since a Rel-11 TM10 UE is only configured with one CCID pair, this UE would only be able to be served by the TP associated with that CCID pair.  Therefore, in order to support DPS, the UE should dynamically switch CCID so that whenever a point transmits to a UE it uses one (selected by 
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) of a fixed pair of CCIDs that are specific to that point.  In this way, the full Rel-11 capability with two MU-MIMO layers and 3 TP DPS can be supported.
Observation

· Associating only one CCID or a CCID pair with a TP precludes either or both of DPS and MU-MIMO unless a UE can dynamically switch CCID.
Proposal

· Introduce functionality so that a UE using DPS can dynamically switch CCID to always comply with the CCID of the selected point resulting from the DPS operation
· Signal DMRS CCID used for serving PDSCH as part of PQI table

· NAICS assistance signaling associates a CCID pair with a TP

2.2. Quasi-Co-Location of DMRS with CSI-RS/CRS
In general, estimating parameters for a received signal is preferably performed based on the received signal itself and not based on some other signals which could possess properties different from the signal of interest. During the QCL discussions in Rel-11, simulations in RAN4 for example showed that Doppler spread and offset could be estimated using DMRS alone with as few as 3 PRB pairs [1]. Furthermore, these discussions considered serving cell operation, where performance with PDSCHs having high order QAM and/or SU-MIMO transmission is more relevant than for NAICS.  On the other hand, Rel-11 did introduce QCL of DMRS ports with CSI-RS and CRS ports with respect to the QCL properties in Figure 1 for PDSCH of interest, although it was at least for the majority of cases not really necessary.  Therefore, RAN4 is presently studying the benefit and complexity of QCL signaling specifically for NAICS applications.
We present results for one scenario to help gauge the need for NAICS QCL assistance.  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 signaling 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 [5].  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.
It is also worth observing that NAICS simulations considered in Rel-12 schedule over the full band, and that RAN4 found that signaling a minimum interfering PDSCH allocation of more than 1 PRB pair was beneficial.  Therefore, it can be expected that Rel-12 NAICS will tend to be configured where UEs tend to be scheduled over multiple PRBs.  Even if there is some degradation without QCL signaling when fewer than 3 PRBs are scheduled, it is not expected to overly degrade NAICS performance.

Observation

· It is preferable if a UE can estimate interfering PDSCH characteristics solely based on PDSCH without exploiting other, potentially unrelated signals, such as CSI-RS/CRS/PSS/SSS
· While discussions are ongoing in RAN4, available simulation results have not indicated a need for QCL

· Consistent with results in RAN4 during Rel-11 QCL discussions showed that DMRS alone was sufficient for estimating parameters for demodulation of PDSCH

· At least when PDSCH contains 3 PRB pairs or more, which can be typical in NAICS operation
· Note: CRS/PSS/SSS may still be used to acquire an approximate timing for defining the resource element grid as agreed in Rel-11
If RAN4 determines that QCL of DMRS with CSI-RS/CRS for NAICS is needed, the UE may need to associate a DMRS CCID with a CSI-RS CCID and CSI-RS configuration, which in turn may be associated with a CRS. Such association can be accomplished by higher layer signaling of a list of DMRS CCIDs and the associated CSI-RS/CRS for each of those DMRS CCIDs.  The signaling framework described in [3]
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[4] can be straightforwardly extended to support the needed parameters. 

Proposal

· If QCL of DMRS with CSI-RS/CRS for interfering PDSCH is deemed needed by RAN4
· Consider introducing higher layer signaling establishing associations between a list of DMRS CCIDs and corresponding CSI-RS/CRS
3. Conclusions

This contribution discussed NAICS assistance signaling for DMRS properties of interfering PDSCH. Blind detection search space for DMRS sequence information and quasi-co-location (QCL) was addressed. Based on the discussion we propose as follows
· The maximum number of CCIDs identified in NAICS assistance signaling provided to a UE (including all TPs) is limited to 
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· Value of 
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 is 16 to handle eight different points using MU-MIMO exploiting the two different 
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· Assuming that specifications are updated to facilitate confining the transmissions from a point to a maximum of two different CCIDs for various supported transmission schemes.

· TP specific transmission and interfering TP power ranking are considered first before deciding to set 
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 to a value smaller than 16. 

· Introduce functionality so that a UE using DPS can dynamically switch CCID to always comply with the CCID of the selected point resulting from the DPS operation

· Signal DMRS CCID used for serving PDSCH as part of PQI table

· NAICS assistance signaling associates a CCID pair with a TP

· If QCL of DMRS with CSI-RS/CRS for interfering PDSCH is deemed needed by RAN4

· Consider introducing higher layer signaling establishing associations between a list of DMRS CCIDs and corresponding CSI-RS/CRS
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