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1 Introduction
In RAN1 #70 and ensuing email discussions, several key decisions have been made in Rel-11 DL CoMP. Taking these RAN1 decisions into account, in this contribution we discuss and provide our views on some of the aspects for CoMP demod and CSI.
2 Discussion
2.1 Antenna quasi co-location
RAN1 reached several agreements on this topic and sent an LS to RAN4 with summary of decisions in [1].

In the RAN1 LS [1], it was agreed that a Rel-11 UE supports at most two UE behaviors for the quasi co-location assumptions between RS of different types. Behavior A is expected to be applicable when CRS, CSI-RS and PDSCH DMRS are quasi co-located for the considered UE (with the exception of Average gain). Behavior B is intended by RAN1 to be the UE behavior typically applicable for UEs operating in DL CoMP. The network configures the appropriate UE behavior based, e.g., on the deployment, where details about how such behavior is indicated are still FFS in RAN1.
· Behavior A: CRS, CSI-RS and PDSCH DMRS may be assumed as quasi co-located wrt {Doppler shift, Doppler spread, Average delay, delay spread}

· Behavior B: CRS, CSI-RS, and PDSCH DMRS shall not be assumed as quasi co-located wrt {
Delay spread, Doppler spread, Doppler shift, Average gain, Average delay} with the following exception: PDSCH DMRS and a particular CSI-RS resource indicated by physical layer signaling may be assumed as quasi co-located w.r.t { Delay spread, Doppler spread, Doppler shift, Average delay }
In general there could be two different philosophies for defining RAN4 requirements. One option would be to define two different tests, one for behavior A and the other for behavior B, for Rel-11 UEs. However, since the behavior A has already been the case for all legacy (i.e. Rel-8/9/10) UEs, we don’t see the need of defining duplicated tests with the two behaviors, as doing so will unnecessarily increase test complexity. Thus, we prefer defining the CoMP tests only for behavior B whenever both behaviors are applicable. In defining such a test, the degree of non-quasi-collocation should be carefully chosen by considering achievable eNB accuracies and propagation conditions and such that UE performance degradation is contained to be small.
Proposal 1: Define CoMP tests only for behavior B, whenever both behavior A and B are applicable. The degree of non-quasi-collocation for such tests should be carefully chosen by considering achievable eNB accuracies and propagation conditions and such that UE performance degradation is contained to be small.
2.2 CoMP deployment scenarios

In the RAN1 LS [1], the following reference deployment is suggested for consideration to RAN4.
· TP1 is a high power transmission point (TP) 

· TP2 is a low power TP with a nominal transmit power that is 16dB lower than the nominal transmit power of TP1

· Each TP transmits CRS/PSS/SSS and a TP-specific CSI-RS resource

· CRS/PSS/SSS are transmitted from the different TPs either using an identical cell-ID or with TP-specific cell-ID 

· Alternatively (in another example deployment) only TP1 transmits CRS/PSS/SSS and each TP transmits a TP-specific CSI-RS resource

· The UE is associated to a serving cell based on RSRP measurements

· A cell selection offset may be considered

· The UE provides CQI/RI/PMI feedback for each of the two configured CSI-RS resources

· The eNB transmits PDSCH TM10 from one or two of the TPs using the associated PMI/RI/CQI 

· The TP(s) for PDSCH may be dynamically changed at each subframe

· For Behavior B only: A CSI-RS resource that may be assumed by the UE to be quasi co-located with DMRS is signaled in each subframe 

· The UE is not aware of the association of TPs to CRS, CSI-RS resources and DMRS.
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Figure 1: Reference deployment. Each point transmits DMRS only when PDSCH is transmitted from that point.
The reference deployment is further exemplified in Figure 1. The UE is placed arbitrarily on the line intersecting the two transmission points.

In particular, the reference deployment scenario contains the following three scenarios:
1) CRS/PSS/SSS are transmitted from TP1 and TP2 using TP-specific cell IDs (“CoMP scenario 3”)
2) CRS/PSS/SSS are transmitted from TP1 and TP2 using an identical cell ID (“CoMP scenario 4”)

3) CRS/PSS/SSS are transmitted only from TP1 (“CoMP scenario 4”)
As per RAN1’s suggestion, we propose RAN4 to consider all of the three deployment scenarios. Rather than tripling the number of tests, RAN4 could smartly construct test cases such that each of the above three scenarios is covered by at least one test.
Proposal 2: Introduce at least one test case for each of the three deployment scenarios. 

2.3 IMR 
In [2] an LS was received from RAN1 informing RAN4 that

RAN1 would like to inform RAN4 that RAN1 agreed in RAN1#70 to adopt the granularity of 4 REs / PRB for Interference Measurement Resource (IMR). An IMR is a set of REs that the UE uses to measure the interference. The REs of an IMR are REs which can be configured as a ZP CSI-RS resource. For the purpose of interference measurement on an IMR, the UE shall assume that all signals received on the REs of the IMR are interference. Further details of how the UE measures the interference on IMR are left to the UE implementation.

and asking RAN4

RAN1 respectfully requests RAN4 to check the achievable accuracy of the interference measurements and let RAN1 know if they foresee any problems.
To verify the achievable accuracy of IMR, the throughput performance experienced by UEs in a heterogeneous system with uniform UE dropping has been evaluated through computer simulations, for different numbers of REs per PRB devoted to interference measurement, i.e., as a function of parameter M. A detailed list of simulation assumptions is shown in Table 2 in the appendix.  Interference measurement for demodulation is assumed as perfect which reflects the fact that it can be based on a denser reference signal (i.e., CRS or DM-RS).  

Table 1 reports 5%-ile, median, and mean user throughput for the same cases, along with the relative losses with respect to the performance with perfect estimation.
Table 1: Throughput degradation due to limited IMR density. 

	
	5% UE 
throughput
[Mbps]
	Median UE throughput
[Mbps]
	Mean UE throughput
[Mbps]

	M=2
	0.481
	-17.6%
	1.333
	-14.4%
	2.458
	-11.6%

	M=4
	0.526
	-10.0%
	1.426
	-8.5%
	2.609
	-6.2%

	M=8
	0.559
	-4.3%
	1.506
	-3.4%
	2.719
	-2.3%

	M=12
	0.571
	-2.3%
	1.540
	-1.2%
	2.741
	-1.4%

	M=24
	0.574
	-1.8%
	1.551
	-0.5%
	2.766
	-0.5%

	Perfect estimation
	0.584
	1.559
	2.781


From the results we see that the granularity should be at least 4 REs/PRB. A lower granularity of 2 REs/PRB incurs too much throughput degradation due to inaccurate interference measurements.
Proposal 3: Confirm RAN1’s decision of 4 REs/PRB for IMR.
2.4 Signal and interference levels
In many CoMP scenarios, resource orthogonalization between TP1 (macros) and TP2 (low power nodes) will be used. For example, a macro may empty certain subframes and/or RBs for RRHs within the macro to serve nearby UEs. As a result, other cell interference levels on different subframes/REs/channels will be different. This is quite similar to eICIC/FeICIC deployments, where three different noise levels in Noc1, Noc2, and Noc3 are modeled to reflect varying interference levels. Furthermore, various CSI-RS muting and ZP CSI-RS will also create different interference levels on different REs. Es/Noc levels of different antenna ports may be different due to either antenna non-collocation or different power boosting. Thus, we propose RAN4 to conduct analysis on how interference and signal levels should be set for different channels/resources for defining CoMP requirements/tests.
Proposal 4: We propose RAN4 to conduct analysis on how interference and signal levels should be set for different channels/resources for defining CoMP requirements/tests.
3 Conclusions
Taking recent RAN1 decisions into account, we discuss and provide our views on some of the aspects for CoMP demod and CSI.
Proposal 1: Define CoMP tests only for behavior B, whenever both behavior A and B are applicable. The degree of non-quasi-collocation for such tests should be carefully chosen by considering achievable eNB accuracies and propagation conditions and such that UE performance degradation is contained to be small.
Proposal 2: Introduce at least one test case for each of these three deployment scenarios. 

1) CRS/PSS/SSS are transmitted from TP1 and TP2 using TP-specific cell IDs (“CoMP scenario 3”)
2) CRS/PSS/SSS are transmitted from TP1 and TP2 using an identical cell ID (“CoMP scenario 4”)

3) CRS/PSS/SSS are transmitted only from TP1 (“CoMP scenario 4”)
Proposal 3: Confirm RAN1’s decision of 4 REs/PRB for IMR.
Proposal 4: We propose RAN4 to conduct analysis on how interference and signal levels should be set for different channels/resources for defining CoMP requirements/tests.

4 Appendix

Table 2: IMR Simulation parameters

	Parameter
	Value

	Number of macro cells
	21 cells

	Deployment type
	3GPP Case 1

	Bandwidth
	10 MHz

	RRHs per macro cell
	4

	UEs per macro cell
	25 (config. 1)

	Antennas
	2 Tx, 2 Rx

	Association bias
	18dB 

	ABSs
	37.5% of the total resources

	Scheduler
	PF with outer loops

	Transmission mode
	TM4

	Channel estimation
	Practical

	Interference estimation for demodulation
	Practical, CRS-based

	CSI feedback
	Rel-10 with subframe restriction, subband size: 6 PRBs

	CSI feedback periodicity
	10ms
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