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1
Introduction

In RAN1#68bis the maximum size of CoMP measurement set was discussed, options being two or three CSI-RS resources:

“The maximum size of the CoMP measurement set is FFS between 2 and 3 CSI-RS resources – to be decided at RAN1#69.“

In [1] we have provided views and analysis on CoMP measurement set size. In this contribution we provide some deeper insight on the UE CSI feedback complexity aspects when UE is configured with multiple CSI-RS resources. 
2
UE CSI feedback processing complexity
In Release 10, the worst case CSI feedback processing happens in case of aperiodic CSI reporting. The worst case happens in context of 8Tx codebook search, in which the UE has to search for two PMI indices i1 and i2. Due to the design of 8Tx codebook, there are obviously simplified ways for doing the search, however still the complexity can be considered significant. Having said that, with aperiodic CSI feedback modes even 4Tx codebook search incurs significant complexity, especially in case of PUSCH CSI feedback mode 2-2. 
Currently RAN1 is discussing whether the same feedback should be provided for two or three CSI-RS resources. It has already been agreed in RAN1#67 that CSI feedback for CoMP uses at least per-CSI-RS resource feedback. Based on this agreement it is already rather clear that the feedback processing complexity will be at least two- or three-fold compared to Release 10. Of course, the exact complexity increase finally depends also on the exact CQI definitions as there may be multiple types of CQIs needed even for one CSI-RS resource. In any case it is clear that there will be a very significant increase in the CSI feedback processing burden due to CoMP which should not be neglected.
Observation:

· CoMP CSI feedback complexity is at least two-fold compared to Release 10 CSI feedback complexity.
· In addition to CoMP measurement set size, the exact complexity depends also on CoMP CQI definitions.
The complexity for UE implementation is ultimately arising due to limited processing time which has remained at the same level since Release 8, while CSI feedback has been made more complex. The PUSCH transmission containing the CSI feedback report needs to be transmitted less than 3 ms after receiving the corresponding UL grant, even ignoring timing advance and (e)PDCCH processing latencies. However, in fact the CSI feedback processing time is not necessarily governed by the time from the UL grant to the corresponding CSI feedback report: In order to keep silicon size of the CSI feedback computation units reasonable, UE could be implemented such that there is only one CSI feedback processing unit, i.e. such that the UE will need to process different CSI feedback reports in serial manner (in contrast to parallel processing). In this case the processing time becomes governed by the minimum time between two reports that the UE may need to compute as will be described next.
Aperiodic CSI trigger can be transmitted to the UE in the worst case in every subframe, and periodic reports may need to be transmitted in the worst case every 2 ms. These essentially determine how the UE CSI processing needs to be implemented. Figure 1 illustrates the time the UE has available in case of serial and parallel processing; note that in case of serial processing there is only 1 ms of time to do all CSI feedback processing as the CSI calculation pipeline needs to be emptied before the next CSI trigger arrives. It is noted that even with parallel processing of the CSI feedback reports, one calculation unit needs to compute the CoMP CSI feedback report significantly (>2 times) faster than in Release 10 due to the increased number of CSI-RS resources and possibly different CQI hypotheses.
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Figure 1. Illustration of serial versus parallel processing of CSI feedback.

It becomes rather clear that in CoMP CSI feedback design it can not be assumed that the UE would compute all CSI feedback within the same processing time as in Release 10.
Observation:

· In CoMP CSI feedback design, it can not be assumed that the UE would compute all CSI feedback within the same processing time as in Release 10.
2.1
Release 11 aspects related to CSI processing time
In Release 10, while CSI-RS are transmitted with a minimum periodicity of 5 ms, the CSI reference resource in case of aperiodic CSI reports still remains in the same subframe as the corresponding CSI triggering UL grant. This is mainly due to interference measurements that in Release 10 are assumed to be done based on CRS, and hence can in principle be measured in every subframe. Hence the interference assumed in the CSI report should reflect the interference observed in the same subframe in which the CSI report is triggered.
For Release 11 it has already been agreed that the UE can be configured with separate interference measurement resources (IMR). It was also agreed in RAN1#68bis that “each IMR consists of only REs which can be configured as Rel-10 CSI-RS resources”, which we assume would also imply that IMR are transmitted with certain periodicity where the periodicity is chosen from the set of periodicities supported by existing CSI-RS. 

This raises a question on whether the CSI-RS/IMR periodicities would anyhow implicitly enable more processing time for the UE as now the UE may not be able to measure even interference in every subframe. Unfortunately, it is rather simple to find cases where the UE still has only 1 ms of time before the CSI feedback report calculation has to be finished in case of serial CSI feedback processing. Figure 2 shows an example of one such case. For instance, when computing CSI report 3 (“CSI 3”) the UE would use channel measurements done in the same subframe and interference measurement done in the previous IMR subframe. However, in the next subframe UE would have to re-compute the whole CSI report (“CSI 4”) due to new interference measurements done using IMR in that subframe.
[image: image2.emf]
Figure 2. Example of one configuration where the UE will still have to calculate the full CSI report within 1 ms time.
Hence we conclude that the inherent periodicity of CSI-RS and IMR will not increase the processing time that the UE has available for calculating the CSI feedback, unless some additional restrictions are imposed as will be discussed in the next section. This is in deep contrast to feedback latency which actually is increased (on average) due to the periodicities; it is indeed rather unfortunate that the processing time is not increased together with the increased feedback latencies anyway inherent in the system.
Observations:
· UE may have only 1 ms time for CSI processing unless a significant increase in the hardware complexity is introduced.
· Computing CSI feedback even only for a single CSI-RS resource is very challenging in 1 ms.

· Introduction of periodic IMR does not help without additional restrictions.
· A relaxation in CSI processing time is needed independently of whether the CoMP measurement set size is two or three.
· Especially CoMP measurement set size of three implies unacceptable UE complexity without any increase in CSI processing time.
3
Potential solutions
Relaxing the processing time is easiest to achieve by making sure that the UE does not need to (re-)calculate CSI feedback reports in every subframe. From UE implementation perspective it would be best if there is always at least N subframes (e.g. N=5) between any two consecutive CSI reference resources. This would make the time from CSI triggering UL grant to the UL report the limiting factor again. At least two ways can be envisioned to achieve this:

· Additional restrictions in the configurability of CSI-RS and IMR.

· Restricting the “validity” of subframes as CSI reference resource, e.g. by introducing periodic CSI reference resource subframes.

Restricting the configurability of CSI-RS and IMR

It was already agreed that each CSI-RS resource configured for the UE has independent subframeConfig parameter, i.e. the CSI-RS REs corresponding to different CSI-RS resources may be located in different subframes. With this freedom it is in principle possible to have CSI-RS for example in two consecutive subframes, requiring re-calculation of CSI feedback with 1 ms interval.
If the configurations would be restricted for example such that any configured instances of CSI-RS and/or IMR can occur only every N ms (e.g. N=5), the UE would effectively have min(N,3) ms time to process the CSI report. An example is shown in Figure 3 which shows an example where the configuration of CSI-RS and IMR has been restricted such that there is always 5 ms between any occurrence of CSI-RS and/or IMR. Effectively, the UE will need to re-calculate the CSI feedback report only every 5 ms, hence making the time from UL grant to UL report the limiting factor in terms of CSI processing time. Anyway, in such case the CSI feedback processing time is clearly increased and hence the UE complexity reduced.
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Figure 3. Example configuration with restricted configurability: there is always 5 ms between CSI-RS and IMR occurrence, hence CSI processing time is governed by the available time from UL grant to UL report.

Periodic CSI reference resource

TS 36.213 currently gives a definition of “valid” downlink subframe as follows:
“A downlink subframe in a serving cell shall be considered to be valid if:

· it is configured as a downlink subframe for that UE, and

· except for transmission mode 9, it is not an MBSFN subframe, and

· it does not contain a DwPTS field in case the length of DwPTS is  and less, and

· it does not fall within a configured measurement gap for that UE, and

· for periodic CSI reporting, it is an element of the CSI subframe set linked to the periodic CSI report when that UE is configured with CSI subframe sets.”

One possibility to increase CSI feedback processing time at the UE side is to define that valid subframes can happen only with N ms period, and UE will need to (re-)calculate the CSI feedback report only in these valid subframes (independently of when the CSI triggering UL grant is received). Figure 4 shows an example of this approach. This would be a natural way to take advantage of the inherent periodicities of CSI-RS and IMR that are anyway increasing the feedback latency, without impact on the configurability of CSI-RS and IMR like in the first approach.
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Figure 4. An example of limiting the valid CSI reference subframes. Here the UE will need to (re-)calculate the CSI feedback report only every 5 ms.

Obviously, transmitting the CSI triggering UL grant should not be limited in the same way, so the definition should be changed such that the CSI triggering UL grant always relates to the previous valid CSI reference resource (instead of same valid subframe as it is defined currently).
To conclude, we observe that there are feasible methods for enabling more processing time to the UE. It is noted that due to inherent periodicity of CSI-RS and IMR, this does not necessarily have to mean that feedback latencies are increased, rather the periodicity is taken better advantage of in reducing UE complexity. Since without any relaxation in the CSI feedback processing CoMP seems extremely complex for the UE, we propose following:
Proposal:
· At least when UE is configured with multiple CSI-RS resources, UE shall be required to (re-)calculate a CSI feedback report only every N ms.
· Consider for instance N=5.
4
Conclusions

In this contribution we have discussed the UE complexity aspects related to CoMP measurement set size and CoMP CSI feedback. Regarding the complexity and available processing time, we had the following observations:
Observations:
· CoMP CSI feedback complexity is at least two-fold compared to Release 10 CSI feedback complexity.
· In addition to CoMP measurement set size, the exact complexity depends also on CoMP CQI definitions.
· In CoMP CSI feedback design, it can not be assumed that the UE would compute all CSI feedback within the same processing time as in Release 10.
· UE may have only 1 ms time for CSI processing unless a significant increase in the hardware complexity is introduced.
· Computing CSI feedback even only for a single CSI-RS resource is very challenging in 1 ms.

· Introduction of periodic IMR does not help without additional restrictions.
· A relaxation in CSI processing time is needed independently of whether the CoMP measurement set size is two or three.

· Especially CoMP measurement set size of three implies unacceptable UE complexity without any increase in CSI processing time.
Since we observe rather big implications from CoMP CSI feedback to UE CSI processing complexity, and on the other hand since periodicities of CSI-RS and IMR anyway impose additional feedback latencies, our proposal is:
Proposal:
· At least when UE is configured with multiple CSI-RS resources, UE shall be required to (re-)calculate a CSI feedback report only every N ms.
· Consider for instance N=5.
With this proposal the main focus of CoMP measurement set size discussion can be on the performance aspects rather than complexity aspects.
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