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Discussion and decision
1
Introduction

At RAN1 #69 it was agreed that the maximum size of the CoMP measurement set for R11 is three non-zero power CSI-RS resources.  Companies agreed to using a CoMP measurement set of three as long as some constraints are added to limit the UE processing requirements.  Furthermore, at RAN1 #69 it was agreed that a UE could be configured with multiple CSIs for which it must report feedback.  Each CSI is the combination of a channel part (or desired signal) and an interference part.  An FFS remains with regards to how many CSIs a UE can be configured with.  Limiting the number of CSIs a UE can be configured with can be seen as a method to limit UE processing requirements which was brought up in the CoMP measurement set size discussion.
In this contribution we provide simulation results for DPS in view of determining what could be an appropriate maximum number of CSIs.

Based on the results we conclude that a maximum number of 3 seems sufficient at least for DPS. This number could be adopted as the maximum, unless it is found that a larger number provides benefit for other types of CoMP schemes (e.g. JT).

2
Discussion on Required Number of CSIs
One of the main benefits of CoMP is to increase the SINR of cell-edge UEs, thus increasing their potential throughput.  In order to take advantage of this SINR increase, CoMP UEs should feedback accurate CSI to the network.  Some inaccuracies in CSI can be compensated by using outer loop link adaptation (OLLA).  However OLLA can be slow and it is thus unable to deal with bursty interference.
Another advantage of CoMP is to provide scheduling flexibility to the network by allowing different combinations of points to cooperate in any TTI.  Cooperation can imply transmission or muting to limit interference.  This capability leads to the type of interference behaviour for which OLLA may not be able to correct imperfect CSI.

Therefore, the ability to feedback proper CSI for different transmission hypotheses is key to optimizing CoMP performance.

It has been accepted that a UE may be configured with up to three NZP CSI-RS in its CoMP measurement set.  This implies that a UE could have up to three different transmission points.  If we assume any combination of measurement points may transmit – by using either DPS or JT for example) – then there can be 7 possible transmission scenarios which would each require CSI feedback.  Furthermore, the network can use dynamic blanking of points to further increase throughput to certain UEs.  If we assume the case of 3 points in the CoMP measurement set, each with the ability to be either transmitting, blanking or interfering (with the constraint that at least one point must be transmitting at any given moment), then a UE may have to feedback for 19 different CSIs (see Table 1, where T=transmitting, I=interfering and B=blanking).
Table 1: Total number of possible CSIs for CoMP measurement set size of 3
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Two factors limit the ability of a UE to feedback for all the scenarios presented in Table 1, first there is feedback overhead and secondly there is UE complexity.  Requiring a UE to track 19 different CSIs leads to a prohibitive increase in feedback and complexity. At RAN1#69 it was decided not to introduce aggregated CQI across multiple CSI-RS resources in R11. The reason is that the network can reconstruct CSI values for JT cases from other CSIs, assuming that feedback is provided for the same subbands.  For example, the case of TTB can be reconstructed from TBB and BTB.  This reduces the total number of CSIs in Table 1 to 12.  
It is desirable to further limit to the number of CSIs a UE must feedback by not configuring the UE with all possible transmission cases.  In this scenario, the network must balance scheduling flexibility with lowering feedback and measurement complexity for the UE.  In the sequel we present system level simulation results for DPS with dynamic blanking of the macro point in CoMP scenario 4.
Constraints on CSI configuration
The number of CSIs configured to the UE may be limited by the network.  In an ideal world, the network could have a priori information of the CSI of all 19 transmission cases and could then configure a UE with the most likely CSIs.  To achieve this the network could use RSRP values reported by the UE, however it is unclear if this would optimize the tradeoff between scheduling flexibility and feedback overhead.  Instead we may place restrictions based on the ranking of the points in the measurement set.  For example, it is not very likely that a UE will indeed have three points that satisfy the criteria to be placed in its CoMP measurement set.  Furthermore, it is possible that the third point may offer only limited value as a transmission point.  In this case, the third point may be constrained to be used only for the assumption on interference.  For example the third point’s NZP CSI-RS may be used solely to help with interference estimation through emulation.  From Table 1 this removes all CSIs where point 3 is Transmitting, thus lowering the total number of CSIs to 10.  Secondly, for large deployments of RRHs, it may not make sense for the scheduler to consider all points as possibly dynamically blanking.  For example, in scenario 4, we may have only the Macro point dynamically blanking.  These two constraints (third point only either B or I and only Macro allowed to be B) means that only UEs who don’t have the macro as their first or second point are configured with a third point, which is the Macro.
In such a scenario, we have the following types of UEs (defined by the components of their CoMP measurement set): Macro only, Pico only, Macro+Pico, Pico1+Pico2, Pico1+Pico2+Macro.  In Table 2 we show the remaining possible CSIs for each type of UE.  Note that there are two types of Macro+Pico UEs.  In the first case we can have one where only the Pico may be assumed transmitting and the Macro is assumed either blanking or interfering.  In the second case, both nodes may be considered potentially transmitting.
Table 2: Reduced number of CSIs per UE type
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Based on Table 2, we can see that the minimum number of CSIs to accommodate all types of UEs is 4.  This allows the network the flexibility to schedule DPS and JT of up to two points with dynamic blanking of the Macro.  Note that only one type of UE may have a third point in its CoMP measurement set, and the purpose of that third point is to emulate interference on its NZP CSI-RS.

Given aggregated CQI is not introduced in R11, we can further remove the CSIs where there are multiple points transmitting.  To deal with subband reporting, the network could configure UEs with multiple CSIs having the same channel and interference parts, but with different restrictions on the sets of subbands (i.e. one set to optimize single point transmission, and another set to optimize JT).  Or in a more simple solution, UEs could be configured to force all CSI feedback reports to be for the same set of subbands, thus allowing the network the ability to recalculate the CSIs for the JT cases from the single-point transmission CSIs.  In such a case, the maximum number of CSIs required to accommodate all types of UEs is 4.
3
Simulation results
We provide system level simulation results to show the effect on throughput of using different number of maximum CSIs.  We study a DPS with dynamic macro blanking scenario for CoMP scenario 4.  We assume that the types of UEs are as defined in Table 2, where a UE may only have up to two points considered transmitting.  Furthermore we assume no JT (and hence no CSIs with more than one point transmitting).  The other simulation assumptions are provided in the Appendix.
We provide results for three types of configuration of CSIs.

1) Only 1 hypothesis per transmission point
In this method the UE only provides feedback for the CSIs where there is one point transmitting and others are interfering.  Therefore no dynamic blanking of the macro is achievable.  The minimum number of CSIs to accommodate all types of UEs is 2.

2) Maximum 2 points in each CoMP measurement set
In this method, the UE may only have two points in its CoMP measurement set.  Furthermore, only points within the measurement set may be considered possibly blanking.  Therefore there are no Pico1 + Pico2 + Macro UEs.  The minimum number of CSIs to accommodate all types of UEs is 3.

3) All UEs have the Macro point in their CoMP measurement set
In this method all types of Table 2 are possible except for Pico only and Pico1 + Pico2.  This ensures that all UEs can give feedback for the case of Macro blanking.  The minimum number of CSIs to accommodate all types of UEs is 4.

In table 3 we provide simulation results for the three methods above compared to single-point transmission.

Table 3: DPS with dynamic Macro blanking simulation results
	Feedback method
	Cell Area Avg. SE (bps/Hz)
	5%-ile SE (bps/Hz)

	Single Point
	12.226
	0.0901

	1

(2 CSIs)
	11.797
(-3.5%)
	0.1017
(12.9%)

	2

(3 CSIs)
	12.181
(-0.4%)
	0.1046
(16.1%)

	3

(4 CSIs)
	12.332
(0.9%)
	0.1053
(16.9%)


From the results we can see the benefit of increasing the number of CSIs. There is a significant benefit of increasing from 2 to 3, but the additional gain brought by reporting for the 4th CSI seems limited for this DPS scenario. Based on these results we conclude that a maximum number of CSIs is 3 seems appropriate in view of DPS. If the same number is observed for JT simulations, this could be selected as the maximum number of CSIs for R11.
Observation: Most of the CoMP gains in DPS can be obtained with a maximum number of 3 CSIs.
4
Conclusion
In this contribution we provide simulation results for DPS in view of determining what could be an appropriate maximum number of CSIs.

Based on the results we conclude that a maximum number of 3 seems sufficient at least for DPS. This number could be adopted as the maximum, unless it is found that a larger number provides benefit for other types of CoMP schemes (e.g. JT).

Observation: Most of the CoMP gains for DPS can be obtained with a maximum number of 3 CSIs.
Appendix
Table 4: Summary of system-level simulation assumptions
	Parameter
	Values used for evaluation

	Deployment
	Config. 4b

· 4 Pico per Macro cell, 30 UEs in Macro cell area with 5 UEs per LPN/Pico, and remaining 10 UEs dropped in Macro cell area

	Simulation case
	ITU UMa/UMi

	Duration
	2 drops/ 2000 TTI

	Macro and Pico Tx power
	Macro cell: 46 dBm

LPN / Pico: 30 dBm

	System bandwidth
	10 MHz 

	Antenna configuration
	2x2x2 Xpol

	Antenna Pattern
	Macro cell: 3D

LPN/Pico: 2D

	Rx power offset (()
	10 dB

	Feedback scheme
	PMI/CQI per cell/Tx point

Feedback periodicity: 5ms

Feedback delay: 6ms

	UE receiver
	MMSE

	Traffic model
	Full buffer model

	Link adaptation
	Realistic

	Handover margin
	0 dB

	DL transmission schemes
	SU-MIMO rank 2


























































































































































































































































































































































































































































































































































































































































































































































































































