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1. Introduction

In RAN1#69 meeting, a few issues regarding CQI definition and IMR were discussed and the following agreement was made:
Agreement:

· The eNB configures the CSI(s) to be reported by the UE

· A Rel-11 UE can be configured to report one or more CSIs per CC

· Each CSI is configured by the association of

· Channel part: one NZP CSI-RS resource in CoMP Measurement Set

· Interference part: 

· one Interference Measurement Resource (IMR) which occupies a subset of REs configured as Rel-10 ZP CSI-RS

· FFS whether one or two NZP CSI-RS resources can be configured, on which ports the UE assumes the transmission of an isotropic signal to be considered as interference in addition to the interference measured on the configured IMR

· Configuration of multiple CSIs

· IMRs associated with different CSIs can be configured independently

· If NZP CSI-RS resources are configured (as per the FFS above), they can be different for different CSIs

· FFS the maximum number of CSIs configurable for one UE 

· This does not affect the ability to configure subframe subsets for CSI reporting

· If PMI/RI reporting is configured, each CQI is associated with a PMI+RI

Note : this is independent of consideration of sub-band / wideband CQI values. 

Based on the above agreement, we mainly discuss the following issue in this contribution. Note that we use a terminology “CSI process,” which was defined during the email discussion regarding CoMP feedback [1].

· UE side interference emulation with NZP CSI-RS 
· Maximum number of CSI processes configurable for one UE
· IMR granularity
· Interference assumption for CQI reference resource
· Signaling for IMR configuration & IMR re-use factor
2. Discussion

· UE side interference emulation with NZP CSI-RS 
One of remaining issues is whether one or two NZP CSI-RS resources can be configured for the interference part of CSI feedback, on which ports the UE assumes the transmission of an isotropic signal to be considered as interference in addition to the interference measured on the configured IMR. Regarding this issue, we do not see the need to additionally use NZP CSI-RS to calculate interference at UE side, and we basically think that IMR is sufficient to measure proper interference to calculate CQI with feasible IMR overhead. As some companies stated in their last contribution [2,3,4], there are some concerns on feasibility to use NZP CSI-RS to emulate interference. To be specific, such UE side emulation with NZP CSI-RS may not guarantee a proper level of CQI accuracy due to the difference between UE side assumption of an isotropic signal and real one and the low density of NZP CSI-RS. Also, we do not see that interference emulation is helpful in reducing IMR overhead. In [5], it was argued that if UE emulates interference, then IMR overhead decreases since only single IMR is needed per UE. However, in fact, the overall IMR overhead at network side does not dwindle because the network still has to prepare multiple IMRs representing all feasible interference situations as shown in Table 1.

 Therefore, in Rel-11, Only IMR should be utilized to measure an interference part of each CSI.
· Maximum number of CSI processes configurable for one UE
The maximum number of CSI processes configurable for one UE should be three when single CC is configured to the UE. Since the maximum number directly influences UE side complexity and feedback overhead, it is better to determine it as small as possible unless it provides clear benefits to allow UE to report a large number of CSI processes. In CoMP study item phase, many companies including us evaluated CoMP performance under the limitation of maximum three CSI processes per UE and observed meaningful CoMP gain. Thus, it seems reasonable to set it small. 
On the other hand, when multiple CCs are configured to the UE, the maximum number of total CSI processes that is configurable for one UE across multiple CCs should be five and the maximum number per CC should be limited to three in the same way as the single CC case. Without this limitation considering CA and CoMP, UE complexity and feedback overhead can increase significantly. For example, if five CCs are configured to UE, it has to report at most 15 CSI processes. To prevent such heavy complexity, we propose that the maximum number of configurable CSI processes is five when CoMP and CA are configured to one UE simultaneously.
Basically, it is reasonable to set the maximum number of CSIs per UE feasible in terms of both UE complexity and feedback overhead. However, we can consider another possibility that the maximum number is set loosely and a constraint to limit the UE processing requirements is introduced when more than a certain number of CSI reports are configured [6].
Proposal 1: The maximum number of CSI process is three for a single CC, and is five for a multiple CC with limiting the maximum number to 3 per CC.
· IMR granularity
In following paragraphs, we study resource overhead of multiple IMRs at network side and present our view on IMR granularity.
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Figure 1. An example of heterogeneous network
Table 1. 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, ZP 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 1 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. Furthermore, if IMR granularity is 2REs/PRB,  resource overhead for IMR reduces by half. In [9], IMR with granularity 1, 2, and 4 REs are evaluated and the results show that 2 REs/PRB provides similar measurement performance as 4 REs/PRB. Therefore, it is desirable for network to configure IMR granularity 2 REs/PRB or 4 REs/PRB with higher signaling.
Proposal 2: IMR granularity should be configurable as 4 REs/PRB or 2 REs/PRB by higher signaling.
· Interference assumption for CQI reference resource
As ZP CSI-RS is considered interference measurement resource, current CQI definition in [7], in which UE procedure for measuring interference is described very ambiguously, needs to be revised. In other words, not only desired channel, which is estimated from configured CSI-RS in TM 9 case, but also interference should be estimated from a set of restricted resources. Note that the new interference measurement resource concept seems not compatible with the current way of describing [7]. Clear descriptions on UE behavior for interference measurement should be embraced in [7] somehow. To calculate CoMP CQI accurately, UE needs to estimate the interference at CQI reference resource from the configured interference measurement resource. 
Proposal 3: When calculating CQI, UE needs to assume that the interference at CQI reference resource is the same as the interference derived only from configured interference measurement resource.
Figure 2 describes S-part and I-part measurement for CQI calculation when ZP CSI-RS for interference measurement is configured. In this figure, subframe 9 is CQI reference resource and UE estimates desired channel, through which PDSCH on CQI reference resource is transmitted, from CSI-RS at subframe 1 and 6. Also, in order to correctly estimate the amount of the interference that the PDSCH may suffer from, UE refers to interference measurement REs configured at subframe 0 and 5. 
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Figure 2. CQI calculation in TM 9
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 eNBs, 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 IMR and subframe restricted approach from eICIC together in this case. In other words, eNB indicates not only IMR but also 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 4: When eICIC is applied on the top of CoMP, UE separately measures configured IMR according to subframe set.
· Signaling for IMR configuration & IMR re-use factor
According to the agreement on IMR configuration in previous meeting, one IMR occupies a subset of REs configured as Rel-10 ZP CSI-RS. Thus, it contradicts the agreement to configure each IMR independently of Rel-10 ZP CSI-RS configuration in order to have more IMRs. However, it is still possible to configure the period and offset of IMRs differently without contradiction of the agreement. In this bullet point, we propose to use this possibility to increase the number of feasible IMR.

If the network requires more IMRs than available resources for ZP CSI-RS, i.e., 40RE/PRB, then some parts of IMRs should be configured in different subframes. Here, we propose to limit the period and the offset of IMRs to the multiple of the period of ZP CSI-RS. With this limitation, it is possible to allocate a large number of IMRs in a TDM manner as shown in Fig 3, resulting in increasing IMR re-use factor.
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Figure 3. IMR configuration

In Fig 3, we assume three IMRs are configured to UE. The period of ZP CSI-RS is T and that of IMR is set the multiple of T, i.e., 3T. Also, the offset of IMR 1, IMR 2, and IMR 3 are 0, T and 2T, respectively. With the proposed IMR configuration, more IMRs can be configurable than available resources for ZP CSI-RS.
Proposal 5: With high layer bit-map signaling for all ZP CSI-RS including ones for IMR, eNB should be able to indicate resource configuration, period, and offset of ZP CSI-RS which is used for IMR among ZP CSI-RS the bit-map indicates.
Proposal 6: The period and offset of each IMR should be configured the multiple of Rel-10 ZP CSI-RS period.
In [8], ZP CSI-RS hopping is proposed.  By taking advantage of hopping, the re-use factor of IMR can increase and it helps to alleviate operator’s planning effort. However, one concern is the impact of this method on Rel-10 UE rate matching. Since IMR occupies a set of time/frequency hopping REs within Rel-10 CSI-RS resources, Rel-10 UE is likely to be configured more ZP CSI-RS for rate matching than the actual IMR overhead, thus wasting resources. In this sense, fixed pattern rather than hopping seems suitable for IMR configuration.
3. Conclusion
This contribution discussed CQI definition and IMR. The following proposals were made based on the discussion: 
Proposal 1: The maximum number of CSI process is three for a single CC, and is five for a multiple CC with limiting the maximum number to 3 per CC.
Proposal 2: IMR granularity should be 4 REs/PRB or 2 REs/PRB.
Proposal 3: When calculating CQI, UE needs to assume that the interference at CQI reference resource is the same as the interference derived only from configured interference measurement resource.
Proposal 4: When eICIC is applied on the top of CoMP, UE separately measures configured IMR according to subframe set.
Proposal 5: With high layer bit-map signaling for all ZP CSI-RS including ones for IMR, eNB should be able to indicate resource configuration, period, and offset of ZP CSI-RS which is used for IMR among ZP CSI-RS the bit-map indicates.
Proposal 6: The period and offset of each IMR should be configured the multiple of Rel-10 ZP CSI-RS period.
______________________________________________________________________
References
[1] R1-122930, Email discussion [69-10], Fujitsu
[2] R1-121947, Interference measurement resource configuration and CQI calculation, Huawei
[3] R1-122236, Interference Measurement Resource for Downlink CoMP, Samsung
[4] R1-122627, Remaining issues of interference measurements, Intel
[5] R1-122837, CQI Definition of UE Emulated Intra CoMP Cluster Interference, Ericsson
[6] R1-123514, The constraint on the UE processing requirements according to the size of CoMP measurement set,  LG Electronics
[7] 3GPP TS 36.213 V10.34.0
[8] R1-121935, Interference Measurement Mechanism for Rel-11, NTT
[9] R1-121091, Discussion on interference measurement resources, CATT
[image: image4.png]









PAGE  

_1405335127.vsd
IMR 1


Subframe index


n


IMR 2


n+T


IMR 3


n+2T


IMR1


IMR 2


IMR 3


IMR1


n+6T


IMR 2


n+8T


n+3T


n+4T


n+5T


IMR 3


n+7T


Rel-10 ZP CSI-RS configuration 



_1405513795.vsd
0


1


2


3


4


5


6


7


8


9


10


11


12


13


14


IMR


CSI-RS


15



_1405151016.vsd
�


