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1
Introduction
In RAN1#70, the constraints to limit UE processing requirements in case of multiple CSI processes were discussed. The meeting was followed by an e-mail discussion on the way forward document [1] that was essentially proposing to make the CSI reference resource periodic in order to align non-zero-power CSI-RS and CSI-IM resource periodicity with the periodicity of updating (re-computing) the CSI at the UE side. However some concerns were raised on this proposal and no agreement could be reached. 

In this contribution, we address some of the concerns raised during the e-mail discussion. We also express our views on the maximum number of CSI processes both in non-CA and CA cases.
2
Relaxing UE CSI processing
In [1]

 REF _Ref336444763 \r \h 
[2], making the CSI reference resource periodic was proposed as a solution to relaxing the CSI processing requirements at the UE side. Essentially, the basic idea is to decouple the CSI reference resource from the CSI triggering subframe, and let the UE to update/re-compute the CSI only periodically with a 5 ms period. This would avoid the situations of high peak CSI processing load in which for instance a CSI request is received in two consecutive subframes and the UE has to update the full CSI report based on two consecutive CSI reference resources, hence basically computing CSI for 2X CSI processes within a 5 ms time window where X is the maximum number of CSI processes.
It has been agreed that different CSI-RS resources are independently configured to the UE, meaning that the corresponding subframeConfig parameters can be different and the CSI-RS can be located in different subframes. In addition, the CSI-IM resources are configured independently of CSI-RS and thus may be located in different subframes, even though it has been agreed that CSI-IM resources configured to the UE shall together use only REs which can be configured as a single Release 10 ZP CSI-RS resource configuration. While such configurations with misaligned non-zero-power CSI-RS and CSI-IM resources are widely acknowledged to represent a non-typical corner case, from UE CSI processing implementation point of view these scenarios represent the worst case scenario requiring highest peak CSI processing load as illustrated in Figure 1.
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Figure 1.Worst case processing load where CSI-RS and CSI-IM resources are in different subframes and UE gets triggered for CSI in two consecutive subframes. UE has to compute CSI for 2X processes within 5 ms time window.
According to the proposal in [1]

 REF _Ref336444763 \r \h 
[2], the CSI reference resources to which any CSI requests relate to are occurring with a periodicity of 5 ms, while the offset is being determined for instance by the offset of the CSI-IM resource corresponding to the CSI process of lowest index. The UE processing according to this proposal is illustrated in Figure 2 for a typical configuration where all CSI-RS co-incide with CSI-IM resources while Figure 3 illustrates a less practical configuration with misaligned CSI-RS and CSI-IM resources. It is again emphasized that in practice the eNB would in most cases have to align CSI-RS and CSI-IM resources in order to avoid excessive impact on legacy UEs (including Rel-10 UEs).
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Figure 2. CSI processing load according to the proposed scheme. Periodic reference resource allows the UE to distribute the processing load over a longer period of time. In this case CSI for 2X CSI processes need to be computed within 9 ms. Note that in this case where CSI-RS and CSI-IM resources are aligned, there is no increase to CSI feedback delay.
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Figure 3. CSI processing according to the proposed scheme in an unlikely scenario that otherwise would result in a very high peak CSI processing load.
From Figure 2 and Figure 3 it becomes clear that the proposal does not change the behaviour in the typical cases in which CSI-RS and CSI-IM resources are aligned. However, it avoids having to overoptimize the CSI processing at the UE side by implementing worst case peak CSI processing according to corner case deployments. Obviously it would be highly undesirable to significantly increase CSI processing complexity at the UE side for cases which most likely do not happen in practice.
Observations:

· UE peak CSI processing has to be dimensioned for the worst case configurations.
· CSI-RS and IMR periodicity should inherently allow the UE to distribute CSI processing over a longer time period.
· Due to corner case configurations with misaligned CSI-RS and IMR this is not possible.

· It would be highly unfortunate to significantly increase UE CSI processing complexity due to non-typical deployments.
· Having the CSI updated only periodically avoids the worst case CSI processing load due to such non-typical deployments.
Several concerns were raised during the e-mail discussion on the periodic CSI reference resource proposal. First concern was related to the observation interval used for CSI measurements. It is emphasized that introducing a periodic reference resource as such has no impact on the observation interval that can be used for the CSI measurements. UE can still use any measurement before or in the CSI reference resource provided that the UE meets the CSI performance requirements. The UE is also free to use measurements that can be performed after the CSI reference resource as long as the UE still meets the CSI processing time requirement. However, it is noted that since Rel-8 the assumption has been that UE is not required (and not prohibited either) to use any channel or interference measurements done after the CSI reference resource. All in all the issue of CSI measurement observation interval is a completely independent issue and does not need to be considered in context of periodic CSI reference resource.

Other concern raised during the e-mail discussion was the additional delay incurred when more than 1 CSI process is configured. It is noted that the periodic CSI reference itself does not incur additional delay in the typical cases where NZP CSI-RS and CSI-IM resources are aligned. This is seen for instance in Figure 2 where the periodic CSI reference resource coincides with all CSI-RS and CSI-IM resources configured to the UE and as such does not increase the CSI feedback delay. However, the proposal in [1] states that in case of more than 1 CSI process the CSI request received in subframe n refers to latest valid CSI reference resource on or prior to subframe n-6, in other words there is a 2 ms additional delay. During the e-mail discussion it was already clarified that CoMP is targeted for low velocity scenarios and the additional delay would not incur any significant performance loss. We have performed system simulations in order to evaluate the performance of wideband DPS with increased CSI feedback delay. See Appendix A for the exact simulation assumptions. From the results in Table 1 it is seen that even an additional delay of 4 ms causes only negligible losses on the wideband DPS performance. Hence it is clear that the delay should not be of any concern on the periodic CSI reference resource.
Table 1. Impact of delay on wideband DPS performance in CoMP scenario 3/4 (configuration 1).

	
	Single-point transmission
	Wideband DPS

	CSI delay [ms]
	6
	6
	8
	10

	Average (bps/Hz/cell) [Gain %]
	1.83
[0 %]
	1.80
[-1.6%]
	1.79
[-2.2%]
	1.77
[-3.3%]

	Coverage (bps/Hz/UE)
[Gain %]
	0.0334
[0 %]
	0.0388
[+16.2%]
	0.0378
[+13.2%]
	0.0379
[+13.4%]


Finally, one concern was that the proposal relies on UE computing CSI before receiving a CSI request. First, it is noted that the UE needs to do the channel and interference measurements anyway before receiving any CSI request, and these have to be made always during non-DRX for every occurrence of CSI-RS or CSI-IM resource. From battery drain perspective, these are the measurements that consume by far most of the battery. Furthermore, it is completely up to UE implementation to decide which part of the actual CSI processing is done before the CSI request and which part is done after the CSI request. UE might still for instance perform only the most time-consuming computations after the CSI reference resource and leave the other functions to be done only when a CSI request is received.

Hence, our view is that the CSI reference resource should be made periodic with a 5 ms periodicity. If the number of CSI processes exceeds 3 per component carrier, an additional offset between the CSI reference resource and the CSI report needs to be introduced to keep UE complexity tolerable.
Proposals:
· In TM10, the valid CSI reference resources are periodically occurring with a periodicity of 5ms.
· The valid CSI reference resource subframe offset is determined, for instance, by the offset of the CSI-IM resource of the first CSI process configured for the corresponding component carrier.
· The offset can be ΔCSI-RS mod 5 where ΔCSI-RS is the subframe offset of the CSI-IM resource of the first CSI process.
· For both periodic and aperiodic CSI reporting in subframe n, the CSI reference resource is the first valid CSI reference resource occurring on or prior to subframe n-N.
· N=4 in case of up to 3 configured CSI processes on a component carrier.
· N>4 in case of more than 3 configured CSI processes on a component carrier.
· Note: only applicable if it is agreed to support more than 3 CSI processes per component carrier.

3
Number of CSI processes
In [3] we summarized the CoMP schemes which can be supported if the number of CSI processes is {1,2,3,4,5}. The main options for the maximum number of CSI processes are currently 3 or 4. However, we include also the option of 2 CSI processes into the discussion since there is only a working assumption of CoMP measurement set size 3. Based on the discussion in [3] we can summarize the supported CoMP schemes with different numbers of CSI processes as follows:

2 CSI processes:

Two CSI processes enable basic CoMP operation with 2 transmission points, which has been extensively investigated during Release 11 RAN1 CoMP discussions. Supported schemes are DPS, DPB and transparent JT by configuring one of the CSI-RS resources across multiple transmission points. The DPS and the transparent JT are also benefiting from accurate fallback feedback, which has been seen as an important factor for providing high CoMP performance. Note that the quasi-colocation assumptions do not actually support this transparent JT operation so it would be up to the network to handle problems that may arise due to frequency shifts etc. between the CSI-RS antenna ports. Also no other specification support has been included for transparent JT. 

3 CSI processes:

Three CSI processes enable a wide range of CoMP schemes and also dynamic selection between CoMP schemes. First, DPS and DPB among three transmission points are possible, as well as transparent joint transmission. It has been noted that CoMP among three transmission points is highly unlikely due to the poor hearability of three points [4], and therefore the third CSI process would be mainly used to enable either accurate fallback CQI for 2-point DPB or for supporting dynamic switching between JT and DPS schemes. It is again noted that the agreed quasi-colocation assumptions do not fully support JT using one CSI process, but it would be up to the network that the quasi-colocation assumptions that the UE makes would still ensure sufficient performance.
4 CSI processes:

Utilization of four CSI processes provides rather limited additional support for different CoMP schemes over three CSI processes. Mainly dynamic operation between DPS and DPB for two transmission points could be additionally supported. However, since the DPS CQI for the second strongest point might not be utilized very often, it is likely that most of the gains could be obtained by having DPS CQI for the strongest point and DPB CQIs for two points which can be supported by three CSI processes. Hence the feedback overhead and complexity increase due to the fourth CSI process should be well reasoned. 
Needless to say, increasing the number of CSI processes increases UL CSI overhead and also makes it more difficult to multiplex periodic feedback in uplink (increasing collision probability). Obviously, handling the UE CSI processing complexity aspects would become increasingly difficult – as mentioned in our view an additional offset between the CSI reference resource and corresponding UL CSI report would be needed to accommodate 4 CSI processes from UE CSI processing complexity perspective. Considering these aspects against the added flexibility in terms of different CoMP schemes, our view is that X=3 CSI processes are enough, while we believe that good CoMP performance could be achieved even with X=2.

In RAN1#70, the total number of CSI processes across component carriers was also discussed. We believe that it is enough to optimize the support of combined CA and CoMP operation for two carriers. In that case the total number of CSI processes would be 2X=6.
Finally, it is noted that there is only a working assumption on the CoMP measurement set size 3, so in our view agreeing on either X=3 or X=4 is conditioned on agreeing first on a relaxation for CSI processing. Hence our proposal is:
Proposal:
· Conditioned on agreeing on a relaxation for CSI processing:

· Up to X=3 CSI processes can be configured to the UE per component carrier.
· When more than one CC is configured, up to 2X=6 CSI processes can be configured to the UE.
4
Conclusions

In this contribution we have discussed the UE processing aspects of CSI feedback. Our proposals can be summarized as follows:
Proposals:

· In TM10, the valid CSI reference resources are periodically occurring with a periodicity of 5ms.
· The valid CSI reference resource subframe offset is determined, for instance, by the offset of the CSI-IM resource of the first CSI process configured for the corresponding component carrier.
· The offset can be ΔCSI-RS mod 5 where ΔCSI-RS is the subframe offset of the CSI-IM resource of the first CSI process.
· For both periodic and aperiodic CSI reporting in subframe n, the CSI reference resource is the first valid CSI reference resource occurring on or prior to subframe n-N.
· N=4 in case of up to 3 configured CSI processes on a component carrier.

· N>4 in case of more than 3 configured CSI processes on a component carrier.

· Note: only applicable if it is agreed to support more than 3 CSI processes per component carrier.

· Conditioned on agreeing on a relaxation for CSI processing:

· Up to X=3 CSI processes can be configured to the UE per component carrier.
· When more than one CC is configured, up to 2X=6 CSI processes can be configured to the UE.
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Appendix A – System simulation assumptions
	Parameter
	Value

	Simulation case
	Heterogeneous CoMP Scenario 3/4, configuration 1
ITU UMa for macro, UMi for low power node


	Carrier frequency
	2.0 GHz

	Deployment scenarios
	CoMP Scenario 3/4, configuration 1 according to 36.819. 
Coordinated points 3 macros + 12 picos

	Antenna configuration
	2 Tx XPOL, 2 Rx XPOL

	CoMP reporting threshold
	6dB (RSRP)

Max. 2 reported points in all scenarios

	Number of UEs
	25UE / macro geographical area / Uniform UE dropping

	Transmission scheme
	2x2 SU-MIMO with  rank adaptation

	UE receiver
	Option 1

	Channel estimation for feedback
	CSI-RS based

	Channel estimation for demodulation
	Realistic (AVI table)

	UE Feedback
	Rank indicator

Subband CQI ( 6 PRB) and wideband PMI (Release 8 CB), 6, 8, and 10 ms delay and 10ms interval

	Scheduler
	TD-FD: PF-PF

	Traffic model
	Full buffer

	Reference symbol overhead
	CRS: 2 CRS Rel´8 legacy overhead

DM-RS: 12/24 RE/PRB for 1-2/3-8 orthogonal DM-RS ports

CSI-RS: 1 RE/port/PRB per 10 ms

	Control channel
	Only overhead modelled: 3 OFDM symbols

	HARQ
	Max 4 retransmission, chase combining


