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1. Introduction

In RAN1#70 meeting, WF on constraints to limit the UE processing requirements was presented and the following proposals are captured on chairman note [1].
Proposal:
· The valid CSI reference resources are periodically occurring with a periodicity of 5ms

· The valid CSI reference resource subframe offset is 

· Baseline: determined by the offset of the IMR of the first CSI Process  (of the component carrier)

· FFS: If offset should instead  be determined by either of 

· the offset of the NZP CSI-RS of the “first” CSI Process (of the component carrier)

· the  offset of the ZP CSI-RS of the “first” CSI Process (of the component carrier)

· 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-4, in case of 1 configured CSI processes (of a component carrier)

· N-6, in case of 2 or more configured CSI processes  across CCs

· In single carrier operation, configuration of at most X CSI Processes is supported

· Alt1 X=3,

· Renesas, Mediatek, ALU, ASB, Nokia, NSN, QC, LGE, TI, MotM, Samsung, Panasonic, 

· Alt2 X=4
· E///, ST-E, NPC, HW, HiSi, Intel, ZTE, Docomo (4 too small), Fujitsu, NEC

After the meeting, email discussion on the proposal was held and summarized in [4]. In this contribution we continue discussing it and focus on the following issues.

· Valid DL subframe for CSI reference resource
· Maximum number of CSI processes configurable for one UE
2. Discussion
2.1. Valid DL subframe for CSI reference resource
In order to mitigate the increased UE processing load due to multiple CSI processes, many relaxation methods are actively discussed in recent meetings. As one way of relaxation in UE processing time, an introduction of 5 ms periodic CSI reference resource was proposed in WF [1]. Also, it was proposed that the offset of valid CSI reference resource subframe is determined by the offset of the IMR of the first CSI Process. In this WF, it has been argued that worst case rate that a specific CSI Process needs to be recomputed is effectively limited by the proposal because a CSI process remains static between two CSI reference resources. However, we doubt that re-defining the CSI reference resource to be periodic will reduce UE complexity by extending the worst-case CSI re-computation time. To clarify it, here we analyze the impact of 5 ms periodic reference resource on worst-case CSI re-computation time in Case A and in Case B, respectively.
· Case A : configurations of  IMRs and NZP CSI-RSs for one UE are aligned to 5 ms periodic grid
It is likely that the network aligns all IMRs and NZP CSI-RS in the CoMP cluster to the same 5 ms periodic grid since such aligned configuration can minimize legacy UE impact. Figure 1 shows an example of aligned measurement resource configuration, in which the period and the offset of NZP CSI-RSs and IMRs are 5 and 0, respectively. In this case, even with Rel-10 definition of valid reference resource, UE doesn’t need to update CSI more often than 5 ms so that worst-case CSI re-computation time is 5 ms regardless if periodic reference resource is introduced or not. To be specific, even if selecting valid reference resource in a conventional way, UE doesn’t need to re-calculate CSI when CSI reporting is triggered on subframe 6, 7, 8, and 9 as shown in Figure 1. That is obviously because there is no measurement resource on those subframes. One may argue that UE can re-calculate CSI by conducting channel prediction on those subframes, but this behavior is not mandated, being left as UE implementation issue. Moreover, in order to justify CSI re-calculation in those subframes, high performance of channel prediction should be ensured firstly. Therefore, in Case A, the introduction of 5 ms periodic reference resource does not affect worst case rate that a specific CSI Process needs to be recomputed.
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Figure 1. An example of Case A
	Valid reference resource configuration
	Worst case CSI re-computation time
	# of CSI re-calculation in every 5 ms

	With 5ms periodicity 
	5 ms
	1

	Without periodicity
	5 ms
	1


Table 1. Worst case CSI re-computation time in Case A

· Case B: configurations of  IMRs and NZP CSI-RSs for one UE are not aligned to 5 ms periodic grid
We agree that the network is likely to configure NZP CSI-RSs and IMRs occurrences in the same subframe. However, we would like to highlight the fact that current agreement does not rule out the possibility that NZP CSI-RSs and IMRs for one UE are not in the same subframe. To be more specific, in the last RAN1 meeting, it was agreed that each IMR is configured independently with a R10 subframeConfig. Accordingly, the offset of the IMR linked to the second and third CSI Process still can be different from the offset of valid reference resource. Moreover, it is uncertain that all NZP CSI-RSs and IMRs in a CoMP cluster can be configured on the same subframe while keeping orthogonality. Therefore, it is still worthwhile to investigate how the introduction of periodic reference resource affects CSI recalculation in the case where NZP CSI-RSs and IMRs are not aligned.
From our understanding, 5 ms periodic reference resource does not guarantee reduction of UE processing load in Case B, In other words, if at least one of IMRs and NZP CSI-RSs is not included in 5ms periodic reference resource subframe, then UE needs to calculate CSI of a CSI process more than once within 5 msec. We take a simple example that is depicted in Figure 2.
[image: image2.wmf]0

1

2

3

4

5

6

7

8

9

10

11

12

13

14

15

16

17

18

19

CSI reporting trigger

CSIRS

IMR

Valid Ref. 

rsc

subframe

CSI reporting 

trigger for which UE 

doesn’t need to recalculate CSI

CSI reporting 

trigger for which UE 

needs to recalculate CSI


Figure 2. An example of Case B
In Figure 2, each offset of NZP CSI-RS, IMR, and valid CSI reference resource are 0, 1, and 2, respectively and they have the same period, 5 msec. If CSI report is triggered at subframe 7, then CSI reference resource is subframe 7 and UE utilizes NZP CSI-RS on and prior to subframe 5 to calculate CSI on the reference resource. The point is that when CSI report is triggered at subframe 10 again, UE needs to re-calculate CSI even though CSI reference resource is still the same, i.e., subframe 7. That is because new NZP CSI-RS on subframe 10 can be used in this case and advanced UE implementation to utilize NZP CSI-RS or IMR following the reference resource subframe is not precluded in current spec. Furthermore, considering that CQI accuracy is very important to achieve CoMP performance, there is likely to be a large number of such advanced UEs in Rel-11. Similarly, when CSI report is triggered at subframe 11, UE needs to re-calculate CSI on the same reference resource since IMR on subframe 11 can be used. Therefore, in this example, UE needs to calculate CSI three times within 5 ms. Note that here we assume the CSI reference resource is the first valid CSI reference resource occurring on or prior to subframe N-4 for CSI reporting in subframe N but we can observe increased processing load in the case of N-6 as well.
On the other hand, if CSI reference resource is determined based on Rel-10 definition, UE doesn’t need to re-calculate CSI only when CSI reporting is triggered on subframe 8 and 9 but also when it is triggered on subframe 7 in Figure 2. That is obviously because there is no measurement resource on those subframes and because CSI on the reference resource of subframe 6 can be reused.
	Valid reference resource configuration
	Worst case CSI re-computation time
	# of CSI re-calculation in every 5 ms

	With 5 ms periodicity 
	1 ms
	3

	Without periodicity
	1 ms
	2


Table 2. Worst case CSI re-computation time in Case B
Table 2 summarizes our observation in Case B. we see that the introduction of periodic reference resource does not mandate any UE behavior for UE processing relaxation in Case B; it does not improve worst case rate. Furthermore, it is observed that the number of CSI re-calculation in 5 ms periodicity rather increases due to periodic reference resource in Case B.
In order for the introduction of period reference resource to relax worst case CSI re-computation time, Rel-11 UE should be restricted to use NZP CSI-RS or IMR only on and prior to the reference resource subframe when calculating CSI. In fact, only if such restriction is introduced in Rel 11 together with periodic reference resource, the worst case CSI re-computation time can be guaranteed to be 5 ms, which achieves the aim of re-defining valid reference resource to be periodic.
However, there seems to be no sufficient technical reason for introducing in Rel 11 the restriction that UE should not use NZP CSI-RS or IMR following the reference resource subframe when calculating CSI. In fact, the restriction leads to degrading channel estimation performance and CSI accuracy. For example, in Figure 2, under the restriction UE cannot utilize NZP CSI-RS on subframe 10 to derive for CSI whose reporting is triggered on subframe 10. In the perspective of a UE manufacturer, it is quite unreasonable to preclude advanced UE implementation in RAN1 spec. That is why current spec allows UE to derive for CQI based on an unrestricted observation interval in time and frequency.
Someone may argue that it is meaningless to take Case B into account since it is just a corner case. Even if Case B does not occur in practice, we see that introducing periodic reference resource does not lead to reducing worst case rate in Case A.
Observation: Introducing a periodic reference resource does not affect worst case rate that a specific CSI Process needs to be recomputed in Case A and Case B.
Finally, we would like to ask a fundamental question on the necessity of relaxing UE processing time. According to current RAN 1 spec, UE is not required to report best RI and PMI optimized for reference resource. In order to determine CQI which meets 10% FER on CSI reference resource, UE needs to recalculate CQI but it can just reuse RI and PMI without updating. In that sense, we doubt that increased UE processing load due to multiple CSI processes is significant enough to necessarily relax worst case rate. As the maximum number of CSI processes for one UE is limited, additional relaxation of UE processing load seems not necessary.
2.2. Maximum number of CSI processes configurable for one UE
In [2], Table 1 shows that at most 12 CSI processes can be defined when the measurement set size is 3. However, we cannot consider all the combination of NZP CSI-RS resource and interference hypothesis, which causes extended control signaling and a large amount of feedback overhead. Moreover, considering the combination of CoMP and CA, the amount of the processing burdens will be more critical. Therefore, it is necessary to limit the 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. Also, as stated in [3], a total of three CSI processes enable a large amount of flexibility in the CoMP scenarios that have been considered. Thus, it seems reasonable to set it three.
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 [2].
As for the maximum number of IMR configurable for one UE, three is suitable. It allows each NZP CSI-RS to be associated with different IMR.

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: The maximum number of IMR is three per CC.
3. Conclusion
This contribution discussed valid DL subframe for CSI reference resource and the maximum number of CSI processes configurable for one UE. The following observation and proposals were made based on the discussion: 
Observation: Introducing a periodic reference resource does not affect worst case rate that a specific CSI Process needs to be recomputed in Case A and Case B.
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: The maximum number of IMR is three per CC.
______________________________________________________________________
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