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1 Introduction

The agreement from RAN1#69 on CoMP measurement set size is [1]:

Working assumption:

· The maximum size of the CoMP measurement set supported in Release 11 is three non-zero power CSI-RS resources

· Introduce a constraint to limit the UE processing requirements when more than a certain number of CSI reports are configured

· FFS what the constraint is 

· FFS what the “certain number” is
When the size of CoMP measurement set is three and there are a large amount of interference hypotheses needed, the number of CSI processes will be too large, bringing in negative impacts, e.g. UL overhead, high UE complexity, etc. Some constraints on the number of CoMP CSI reports needed to be defined.
To facilitate our discussions, we define the following terminologies:
· CSI report: For periodic feedback, it corresponds to one instance of CSI feedback in the same subframe and of the same type; for aperiodic feedback, it corresponds to one instance of RI, or CQI, or PMI feedback;
· CSI processes [2]: The set of CSI reports corresponding to one non-zero-power (NZP) CSI-RS resource and with the same interference part, which are reported on PUCCH in different subframes and which may have different types.
2 Discussion
There are some aspects related to the number of CSI processes. These aspects have different requirements for the number of CSI processes.
Table 1: The tradeoff among factors on number of CSI processes.
	Aspects
	Required amount of CSI processes

	CoMP performance
	More

	Feedback overhead
	Less

	UE processing complexity
	Less


According to the email discussions [2][3], it was suggested that CoMP feedback follows the CA feedback principles. When the multiple CSI processes are introduced for CoMP, a natural requirement would be to have some constraints in order to reduce the feedback overhead and UE processing complexity. The possible constraints for consideration could be either some restriction in one CSI process or on the number of CSI processes, etc. In the next sections, we will discuss the constraints for periodic feedback and aperiodic feedback, respectively.
2.1 Periodic feedback
In periodic feedback, possible constraints could be:

· The selection of wideband or subband reporting modes;

· The feedback period related parameters (e.g. 
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, etc.) which can be configured by higher layers;
· etc.

2.1.1 Scenarios without multiplexing of CSI reports
At first, we outline some parameters to be used in the illustration examples of this section. According to clause 7.2.2 in [4], the parameters for periodic reporting can be configured as in Table 2:
Table 2: Parameters for periodic reporting configurations [4].
	Parameters
	Values

	RBs number
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	50

	Subbands number 
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	9

	Bandwidth parts number 
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	3

	Periodicity 
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	5

	Full cycles of bandwidth parts 
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	1

	Number of CSI processes
	3


The subframe configuration for accommodating one or multiple CSI processes with different offsets are shown in the following figures.
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Fig. 1: The subframes configurations for wideband CQI/PMI reporting.
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Fig. 2: The subframes configurations for wideband CQI/PMI and subband CQI reporting.
From Fig. 1 and Fig. 2, we notice that no matter for wideband CQI/PMI reporting only, or for wideband CQI/PMI and subband CQI reporting, there can be 4 CSI reports per CSI process within 20 subframes. Therefore, the selection of wideband or subband reporting does not affect the maximum feedback overhead and UE processing complexity.
Observation 1: The selection of wideband or subband reporting does not affect the maximum feedback overhead and UE processing complexity.
In the following, we will discuss some extreme cases where the number of CSI processes is large. For example, if there are 5 CSI processes, and the period is set to 5 ms (i.e. 5 subframes), UE will calculate one CSI report every subframe, as shown in Fig. 3.
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Fig. 3: The subframes configurations for wideband CQI/PMI reporting (where the number of CSI processes is 5).
Therefore, due to following the principle of CA, at most one CSI report will be calculated and reported in one subframe without consideration of multiplexing.
Observation 2: At most one CSI report will be calculated and reported in one subframe without consideration of multiplexing.

In this case, UE has to calculate one CSI report every subframe, which may impose potentially a higher processing complexity than the case of one CSI process. Nevertheless, note that this extreme case is not excluded from Rel-10 CA. Note that since CoMP CSI processes can share the same channel part, the complicated PMI-searching efforts for each CSI calculation in CA case may be significantly reduced. This implies that, in the case of single CoMP CSI report in one subframe, it at least does not impose more processing complexity than the scenario in Rel-10 CA.
Observation 3: Without consideration of multiplexing of CSI reports, no additional constraint is needed for periodic feedback for CoMP in Rel-11.
2.1.2 Scenarios with multiplexing of CSI reports
The majority view in email discussion [2] was that multiplexing of CSI reports should be supported for CoMP in Rel-11 to align with CA principles. In an extreme case, if two CSI reports are multiplexed in one subframe, while there are 10 CSI processes and 
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, UE will calculate two CSI reports in every subframe. This case is shown in Fig. 4.
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Fig. 4: The subframes configurations for wideband CQI/PMI reporting with multiplexing (where the number of CSI processes is 10).
This case requires that the UE has the capability to calculate 2 CSI reports in one subframe. Thus, following the principle of the agreed CA enhancement in Rel-11, at most 2 CSI reports could be calculated and reported in one subframe with multiplexing in PUCCH format 3, if no constraints applied.

Recall that in Rel-10 aperiodic feedback, all subband CSI reports can be calculated within 3 subframes (for FDD). Hence, calculation of 2 CSI reports in one subframe seems not to be an issue from the perspective of UE processing capability.
Proposal 1: No additional constraint is needed for periodic feedback for CoMP in Rel-11, no matter if multiplexing is not supported or if PUCCH format 3 is used for multiplexing.

On the other hand, it should be noted that if periodic PUSCH is used for multiplexing, more than 2 CSI reports may be multiplexed in one subframe, since it is less concerned on PUSCH payload size compared with PUCCH format 3. In this case, if there is no constraint on the number of the multiplexed CSI reports, it may be very challenging for UE to process a large number of CSI reports in one subframe. Thus, we should apply constraints, such as that of the maximum CSI reports can be multiplexed in one subframe.
Proposal 2: If periodic PUSCH is used for multiplexing, some constraints, e.g. the maximum number of the multiplexed CSI reports, are needed for periodic feedback for CoMP in Rel-11.
Furthermore, there is a natural constraint for the periodic feedback with CSI-RS based measurement. Recall that the CSI-RS transmission can be configured with flexible periods (e.g. 5, 10, 20, 40, 80 ms), which is totally different from CRS transmission that ensures availability of CRS in every subframe. If we configure a specific CSI-RS transmission period, the CSI reporting period should not be shorter than the CSI-RS transmission period. Otherwise, not only some CSI reports are reported with trivial information, but also the collision rate will increase, especially considering the collisions from ACK/NCK reporting. Thus, it seems necessary to have the following constraint:

Proposal 3: CSI reporting period should be no shorter than the corresponding CSI-RS (including channel part and interference part) transmission period.

2.2 Aperiodic feedback
It is specified in [4] that upon decoding the UL grant for aperiodic reporting in subframe n, a UE shall perform aperiodic CSI reporting using the PUSCH in subframe n+k, where k is 4 for FDD. Thus, UE always has only about 3 ms to process all CSI reports requested in subframe n, as mentioned in [5]. Different from the periodic feedback case, where only one or two CSI reports need to be reported (e.g. subband CQI/PMI or wideband CQI/PMI), the aperiodic feedback requires that all CSI reports for at least one CSI process should be transmitted in one shot, e.g. one wideband CQI/PMI and multiple subband CQI/PMIs in reporting mode 1-2. Hence, in general UE has heavier processing burden for aperiodic feedback than that for periodic feedback.
In [5], the complexity of aperiodic feedback has been discussed. It is recommended that UE shall (re-)calculate a CSI process only every N ms, where N is typically set to 5. In this case, the offset between two successive aperiodic CSI processes  should be at least 5 ms, then UE would have enough time to calculate each aperiodic CSI process. The following figure illustrates an example where UE calculates a CSI process every 5 ms.
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Fig. 5: The CSI reporting for multiple CSI processes in multiple shots without multiplexing.
Nonetheless, the drawback of this approach is the period for a complete CoMP CSI reporting to enable one CoMP transmission may be too long. Taking the example of Fig. 5, the complete CoMP CSI reporting is postponed to subframe n+14, which may outdate the CSIs for CoMP operation.
On the other hand, it should be noted that the multiple CSI feedbacks in one shot have been standardized for CA [4]. In fact, at the RAN1#69 meeting, it has been agreed that “Multiple CSI feedbacks could be multiplexed within one report instance” for CoMP aperiodic feedback. Hence, the multiple CSI processes reported in one shot for CoMP is not problematic, as demonstrated in Fig. 6.
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Fig. 6: The aperiodic CSI reporting for multiple CSI processes in one shot.
Thus, it is not preferred that UE shall (re-)calculate a CSI process only every N ms.
One straightforward approach to relax the feedback overhead and UE processing complexity for aperiodic feedback is to increase the value of k. There are two methods to achieve this:

· Option-1: Increase k’s value;
· Option-2: Use multiple k.
a) Option-1:
If the maximum number of configurable CSI processes is a large number, e.g. 10, a UE may perform aperiodic CSI reporting in the very late subframe n+k, e.g. k = 8. All these CSI processes have a high probability to be outdated, which will degrade CoMP performance. Further, the payload of one PRB may not contain the whole aperiodic CSI reporting with a large number of CSI processes, which needs additional PUSCH overhead. Thus we do not prefer this option.
b) Option-2:
In this option, all CSI processes for one request are transmitted multiple shots than in one shot. The first shot is in subframe n+k (k=4 for FDD) as in Rel-10. The remaining shots are in the following subframes with fixed or variable periodicity. It can be viewed as “multiple k”, as the first shot is in the subframe of n+k1, and the second shot is in the subframe of n+k2, and so on. For the fixed periodicity, the two successive shots have the same interval, i.e. kn – kn-1 = C, where C is a constant.
The advantage of option-2 over option-1 is that the first shot has a low probability to be outdated. By this way, we can put the CSI processes with higher priorities, indicated by a certain index list with RRC signaling, to the first shot.
Firstly, we should decide the maximum number of CSI processes which can be put into one shot. As in CA, the maximum number of “CSI processes” (one CSI process corresponds to one serving cell) in a subframe can be up 5. Since the different CSIs for CoMP may only be different in the interference part, their common channel part needs only one-time calculation. Thus, CoMP may have lower or at least not higher complexity in CSIs calculation than the CA case. Thus, from the perspective of UE processing capability, the maximum number of CSI processes for CoMP in a subframe may be up to 5. For the same reason, for simultaneous usage of CoMP and CA, the maximum number of CSI processes in a subframe for combination of CoMP and CA may be limited to 5 too. If 5 CSI processes in a subframe give the too heavy burden for UE processing, 3 or 4 CSI processes in a subframe could be considered, since the “overload” CSI processes can still be reported by the sequel subframes.
Proposal 4: The maximum number of CSI processes in a subframe should be no greater than 5, while the range of 3~5 can be considered.
Secondly, based on the maximum number of CSI processes in a subframe, when the number of configured (requested) CSI processes is larger than the maximum number of CSI processes allowed in a subframe, the scheme of “multiple k” (option-2) can be enabled with some strategies. For example, if the maximum number of configurable CSI processes is 6, and the maximum number of CSI processes in a subframe is 3, we can put the most important 3 CSI processes in the n+k subframe, and put the other 3 CSI processes in the n+2k subframe.
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Fig. 7: The CSI reporting for multiple CSI processes in multiple shots with multiplexing.
Therefore, we propose:

Proposal 5: If the number of CSI processes for one aperiodic reporting exceeds the maximum number of CSI processes allowed in a subframe, the CSI processes should be separated into several subframes with proper intervals.
· e.g. reporting at (n+k*m) subframe, where k is the value defined in [4], m is the index of separations of CSI processes.

3 Conclusion
In this contribution, we have discussed a number of issues concerning periodic and aperiodic feedbacks for CoMP. Our proposals are summarized in the follows:

Proposal 1: No additional constraint is needed for periodic feedback for CoMP in Rel-11, no matter if multiplexing is not supported or if PUCCH format 3 is used for multiplexing.
Proposal 2: If periodic PUSCH is used for multiplexing, some constraints, e.g. the maximum number of the multiplexed CSI reports, are needed for periodic feedback for CoMP in Rel-11.
Proposal 3: CSI reporting period should be no shorter than the corresponding CSI-RS (including channel part and interference part) transmission period.
Proposal 4: The maximum number of CSI processes in a subframe should be no greater than 5, while the range of 3~5 can be considered.
Proposal 5: If the number of CSI processes for one aperiodic reporting exceeds the maximum number of CSI processes allowed in a subframe, the CSI processes should be separated into several subframes with proper intervals.

· e.g. reporting at (n+k*m) subframe, where k is the value defined in [4], m is the index of separations of CSI processes.
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