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1. Introduction
In RAN1#68bis meeting, a few issues regarding interference measurement for CoMP CSI feedback were discussed and the following agreement was made:
Agreement:
· At least one Interference Measurement Resource (IMR) can be configured for a Rel-11 UE

· FFS whether a maximum of only one or multiple IMRs can be configured for a Rel-11 UE

· Each IMR consists of only REs which can be configured as Rel-10 CSI-RS resources

· FFS whether REs of an IMR are allowed to be configured as non-zero-power CSI-RS resources

· FFS whether an IMR can have finer granularity than 4 REs/PRB

Based on the above agreement, we mainly discuss the following issue in this contribution.
1. Whether REs of an IMR are allowed to be configured as non-zero-power CSI-RS resources (Section 2.1)
2. Number of IMRs that can be configured for a Rel-11 UE (Section 2.2)
3. Network resource management for IMR and IMR granularity (Section 2.3)
4. Signaling for IMR configuration (Section 2.4)
2. Discussion

2.1. Zero-power (ZP) CSI-RS vs. non-zero-power (NZP) CSI-RS
We support ZP CSI-RS as IMR for CoMP. Since the pros and cons of NZP CSI-RS and ZP CSI-RS have already been compared in [1], we briefly summarize them and clarify our view in this section.
Table 1

	
	NZP CSI-RS based approach
	ZP CSI-RS based approach

	Pros
	· Low IMR overhead
	· Simple implementation at UE-side 
· Accurate interference measurement

	Cons
	· Inaccurate interference measurement due to the low density of CSI-RS.

· Increased UE-side complexity
	· High IMR overhead


NZP CSI-RS based approach requires low IMR overhead since interference is measured by using the same NZP CSI-RS as a desired channel is measured. However, the inaccuracy of measured interference due to the low density of CSI-RS is one of major concerns. One simple solution is to increase the density of NZP CSI-RS, but it will end up with losing a merit of NZP CSI-RS based approach, i.e., low IMR overhead. Also, this approach causes high computational complexity at UE side since UE should regenerate received CSI-RS and subtract it from received signal to measure interference.

On the other hand, ZP CSI-RS based approach minimizes computational complexity for interference measurement at UE side, since a UE is only responsible to measure received power at the indicated IMR on which network-intended interference exists. Also, higher accuracy can be achieved by using ZP CSI-RS. This is because interference measurement procedure based on ZP CSI-RS is separate from signal measurement procedure based on NZP CSI-RS, so signal measurement error cannot influence the accuracy of interference measurement. One concern on using ZP CSI-RS for interference measurement is higher IMR overhead than NZP CSI-RS but there is much room for reducing resource overhead and it seems possible to allocate a required number of ZP CSI-RS in a single subframe. Details on resource overhead are discussed further in section 2.3.

Proposal 1:  Only ZP CSI-RS should be used for CoMP IMR.
2.2. Single IMR per UE vs. Multiple IMRs per UE
We prefer to configure a single IMR to each UE. Whether to configure multiple IMRs to each CoMP UE or not is significantly related to CoMP CQI definition. As stated in [2], since scalable CQI feedback seems more beneficial than CoMP hypothesis-based CQI feedback in terms of feedback overhead and scheduling flexibility, it is sufficient to configure a single IMR which represents interference outside CoMP measurement set to each UE. To clarify understanding, we note that, in the perspective of a single TP, multiple IMRs which represent various interference situations are configured but each Rel-11 UE is able to recognize a single IMR which shows interference coming from the outside of its CoMP measurement set and regards the rest of IMRs that are not configured to the UE as punctured resources, i.e., ZP CSI-RS. 
If eICIC is applied on the top of CoMP, there are more diverse interference situations due to ABS subframes. However, it seems inadequate to configure additional IMR to UE in order to estimate interference in ABS subframe. This is because all macro eNBs are likely to set ABS at the same time but it is not guaranteed that some, which belong to other CoMP clusters, set ZP CSI-RS at the IMR. As a result, interference which is measured on the IMR actually includes interference from macro eNBs in other CoMP clusters although they may not cause interference in ABS subframe. Therefore, it is desirable to utilize a single IMR and subframe restricted approach from eICIC together in this case. In other words, eNB indicates a single IMR to each UE and two CSI subframe sets, and UE reports CSI for each CSI subframe set by separately measuring the IMR in subframe set 0 and that in subframe set 1.
Proposal 2: Only a single IMR should be configurable to each CoMP UE even in eICIC case.
2.3. Network resource management for IMR
In [1], we studied two alternative methods of network resource management for IMR. One way is to configure multiple IMRs representing various interference situations per TP. Its merits are that network can indicate an appropriate IMR to each UE and that UE does not have to adjust interference, but it may cause large resource overhead. In following paragraphs, we study resource overhead of multiple IMRs per TP case and suggest solutions to reduce the overhead.
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Figure 1. An example of heterogeneous network
Table 2. An example of IMR configuration at the network
	Category
	Usage
	TP1
	TP2
	TP3
	TP4
	TP5
	# of cases
	Required REs

	A
	S-measure or RSRP measure
	O
	X
	X
	X
	X
	5 cases
	2 or 4 or 8
(TX antennas)

	
	
	X
	O
	X
	X
	X
	
	

	
	
	X
	X
	O
	X
	X
	
	

	
	
	X
	X
	X
	O
	X
	
	

	
	
	X
	X
	X
	X
	O
	
	

	B
	I-measure
(CoMP measurement set size=1)
	X
	D
	D
	D
	D
	5 cases
	2 or 4
(IMR granularity)

	
	
	D
	X
	D
	D
	D
	
	

	
	
	D
	D
	X
	D
	D
	
	

	
	
	D
	D
	D
	X
	D
	
	

	
	
	D
	D
	D
	D
	X
	
	

	C
	I-measure
(CoMP measurement set size=2)
	X
	X
	D
	D
	D
	10 cases
	2 or 4
(IMR granularity)

	
	
	X
	D
	X
	D
	D
	
	

	
	
	…
	…
	…
	…
	…
	
	

	
	
	D
	D
	X
	D
	X
	
	

	
	
	D
	D
	D
	X
	X
	
	

	D
	I-measure
(CoMP measurement set size=3)
	X
	X
	X
	D
	D
	10 cases
	2 or 4
(IMR granularity)

	
	
	X
	X
	D
	X
	D
	
	

	
	
	…
	…
	…
	…
	…
	
	

	
	
	D
	X
	D
	X
	X
	
	

	
	
	D
	D
	X
	X
	X
	
	


(‘O’, ‘X’, and ‘D’ stand for CSI-RS, zero-power CSI-RS, and PDSCH data, respectively)
Fig 1 depicts an example of heterogeneous network in which TP1 could be macro eNB and TP 2 to 5 could be low power RRH, and Table 2 shows all possible IMR and CSI-RS resources in the HetNet. We categorize measurement resources into A, B, C, and D according to its usage and CoMP measurement set size. For instance, 10 IMRs to represent all possible interference situations when CoMP measurement set size is two are categorized into C. At first sight, a required IMR overhead seems substantial. Based on Table 1, if the maximum size of CoMP measurement set is 3, resource overhead for all possible IMRs under the assumption of 4 REs per IMR is 100REs, i.e., (5+10+10)*4REs. However, actual resource overhead is probably much lower given that each low power RRH would coordinate with only a few other RRHs located near itself. For instance, if TP 2 and TP 3 are distant from other TPs than TP 1, and TP 4 and TP 5 are close to each other, network does not need all possible IMRs but needs a part of them because effective CoMP measurement sets are composed of the subsets of {TP 1, TP 2}, {TP 1, TP 3}, and {TP 1, TP 4, TP 5}. In this case, resource overhead for IMR is 44REs, i.e., (5+5+1)*4REs, and network is able to configure the IMRs over two subframes. If TP 2 to 5 are distant from each other, resource overhead for IMR becomes much lower, i.e., 36REs.
Furthermore, if 2 REs per IMR is enough, resource overhead for IMR reduces by half. According to Rel-10 specification, only 4 ports zero-power CSI-RS can be configurable. In the perspective of minimizing specification impact, it is good to use 4 ports zero-power CSI-RS for interference measurement but 2 ports zero-power CSI-RS also can be considered if it provides sufficient interference measurement performance.
Based on the above discussion, multiple IMRs should be prepared at the network-side, and a UE is configured with single IMR corresponding to its CoMP measurement set. In this case, UE can avoid adjusting interference since UE can measure interference outside its CoMP measurement set from a single configured IMR and determine a scalable form of CQI [2].

Proposal 3: Multiple IMRs should be prepared at the network-side to guarantee that each UE can simply measure interference outside of its CoMP measurement set from one of them
Proposal 4: IMR granularity should be 4 REs/PRB or 2 REs/PRB

2.4. Signaling for IMR configuration
In Rel-10 system, high layer bit-map signaling is used to configure zero-power CSI-RS to UE. This RRC signal indicates multiple 4-port zero-power CSI-RS having the same period, the same offset, and the same number of REs for the purpose of rate matching at UE side. In other words, with the conventional bit-map configuration eNB cannot independently configure them. Regarding this, one decision point is whether to allow independent configuration for each IMR in Rel-11. If each zero-power CSI-RS can be configured independently by indicating its own subframe configuration, large performance degradation could be observed for legacy UE since the scheduling of legacy UE are limited in the subframes without zero-power CSI-RS. For legacy UE performance, it would be beneficial to configure zero-power CSI-RS located in the same subframe. Overall, it is preferred that all zero-power CSI-RS including ones for interference measurement are located in the same subframe as configured in Rel-10 specification. With high layer bit-map signaling for all ZP CSI-RS including ones for IMR, eNB should additionally indicate which zero-power CSI-RS is used for interference measurement among the group of zero-power CSI-RS the bit-map indicates.
Proposal 5: Single configuration of zero-power CSI-RS is preferred as in Rel-10. An indication on which zero-power CSI-RS should be used for interference measurement is required.
3. Conclusion
Based on the above discussion, we present the following five proposals.
Proposal 1:  Only ZP CSI-RS should be used for CoMP IMR.

Proposal 2: Only a single IMR should be configurable to each CoMP UE even in eICIC case.
Proposal 3: Multiple IMRs should be prepared at the network-side to guarantee that each UE can simply measure interference outside of its CoMP measurement set from one of them

Proposal 4: IMR granularity should be 4 REs/PRB or 2 REs/PRB
Proposal 5: Single configuration of zero-power CSI-RS is preferred as in Rel-10. An indication on which zero-power CSI-RS should be used for interference measurement is required.
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