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1 Introduction

The agreements from RAN1#70bis on CoMP CSI aperiodic feedback are listed as follows [1]:
	Agreement: 

For Aperiodic feedback, take the following proposal as agreement out of this meeting

· When a reference process is configured

· A RI-reference-process can be configured for a CSI process

· RI of the process can be configured to inherit its value from the RI reported in the same subframe of the RI-reference-process

· The RI computation for a first CSI process, without a reference CSI process, is derived solely based on the first CSI process, it does not take into account any other CSI processes, regardless if a second CSI process has been configured with the first CSI process as a reference  CSI process

Additional Conclusion
· No consensus on subband and PMI reference process 

Agreement:

For Aperiodic feedback, when a reference process is configured:

· A CSI process must be configured for the same CC as the reference CSI process

· There is no rank signalling compression

· A CSI Process with reference CSI Process can only be triggered in a subframe in which the reference CSI Process is also triggered 

· The UE is not expected to receive triggering commands that is not compliant with the above condition


The RI-reference-process, which is the only reference of CSI process, is defined for CoMP aperiodic feedback at the RAN1#70bis meeting:
	Agreement

· When an aperiodic CSI report is triggered with codepoint ‘01’, 

· a report is triggered for a set of CSI process(es) configured by higher layers for serving cell c 

· When an aperiodic CSI report is triggered with codepoint ‘10’ or ‘11’, a report is triggered for a first set or second set of CSI process(es) configured by higher layers, respectively

· [A CSI process is identified by CSI process index and a serving cell index]

Working assumption to be checked until RAN1#71 (e.g. for problematic ambiguities in CSS case):

· The 1-bit CSI request field is used to trigger the same CSI process(es) as that of codepoint ‘01’ of the 2-bit request field


Furthermore, the 2-bit CSI request field was also defined at the RAN1#70bis meeting, while however the 1-bit CSI request field still needs further discussions.

In this contribution, we will discuss the remaining details of CoMP aperiodic feedback, such as multiplexing and CSI request field, etc.

2 Discussion

2.1 Multiplexing
At the RAN1#70bis meeting, it was agreed that only RI reference is supported in Rel-11 and subband or PMI reference is not supported. That implies the common RI is the only supported dependency among CSI processes in Rel-11. The common RI may be beneficial to some CoMP schemes, such as JT and frequency-selective DPS/DPB [2][3], etc. However, it cannot be considered as a way of RI compression. Since no dependency of CSI processes can be used for compression, no compression for CoMP aperiodic feedback is supported in Rel-11.
Recall that in the multiplexing of multi-cell CSIs for Rel-10 CA, the multi-cell CSIs are concatenated without any compression and encoded by RM coding or tail biting convolutional coding. Whether the multiplexing of CSI processes (including CoMP CSI and legacy CSI) follows the principle of Rel-10 CA should rely on the maximum number of CSI processes reported in a subframe. We will discuss the maximum number of CSI processes reported in a subframe in the sequel.

UE processing complexity:

As discussed in [4][5], the maximum number of CSI processes for all configured CCs or equivalently the whole system bandwidth supporting CoMP+CA should be constrained to 6 or 8. However, as discussed at the RAN170bis meeting, the worst case for re-computation is the main critical factor that impacts UE processing complexity. Moreover, it was concluded that the worst case of re-computation of CSI processes should avoided directly by restricting the number of CSI processes to be re-computed.

From the perspective of CSI constraints, the restriction on the maximum number of CSI processes reported in a subframe will be unnecessary, as long as the restriction of the number of CSI processes to be re-computed is imposed. Thus, we do not need to consider the maximum number of CSI processes reported in a subframe from the perspective of UE processing complexity.
UL resource:
As mentioned in [6][7], one CSI process for aperiodic feedback requires 4 RBs for lowest MCS, which is the worst case of UL RB occupation for aperiodic feedback. In this case, the UL resource may be insufficient. For example, if UE is configured to report 5 CSI processes in a subframe, a total of 20 RBs are required for the worst case. For a 10 MHz system, this means that it can only accommodate 2 UEs in a subframe, each of which reports 5 CSI processes. Thus, the UL RB usage becomes the bottleneck for aperiodci feedback in the worst case. From this perspective, we recommend that the maximum number of CSI processes reported in a subframe should be 5 only.
Performance:

As discussed at the RAN1#70 and RAN1#70bis meetings, it was the major view that up to 3 or 4 CSI processes in a single CC can provide the most potential CoMP gain, and up to 6 or 8 CSI processes in all configured CCs can provide the most potential CoMP gain in case of CA+CoMP, while in the typical case the number of CCs is 2. In our view, up to 5 CSI processes can handle the most application scenarios for CoMP with 2 CCs. Assuming a total of 5 CSI processes are configured, if 4 CSI processes are used in the 2-TP CoMP on a CC, there would be only one CSI process left to another CC, on which the CoMP gain will be offset. However, in this case it may be acceptable to exploit the potential CoMP gain of the first CC, but to achieve only a portion of the potential CoMP gain on another CC. As discussed in RAN1#70bis and [8], even one CSI process on a single CC can also provide some CoMP gain. Furthermore, if more than 5 CSI processes need to be reported in some application scenarios, eNB can trigger multiple times to get the desirable CSI processes.
From above analysis, we suggest:

Proposal 1: The maximum number of CSI processes reported in a subframe is 5 in Rel-11.
Based on Proposal 1, the RRC parameters for the sets corresponding to codepoints “10” and “11” in CSI request field in DCI format 2D should contain up to 5 CSI processes, similar to Rel-10 CA.

Proposal 2: Each set corresponding to codepoints “10” or “11” in CSI request field in DCI format 2D should not contain more than 5 CSI processes.

If the maximum number of CSI processes reported in a subframe for Rel-11 CA+CoMP is 5, it is the same as that for Rel-10 CA. As discussed in earlier in this section, the compression for Rel-11 CA+CoMP will not be supported due to no dependencies among CSI processes. For these two reasons, Rel-11 CA+CoMP have a similar payload size as one aperiodic reporting in Rel-10 CA. Therefore, the multiplexing for aperiodic feedback can follow the principle of Rel-10 CA.
Proposal 3: The multiplexing for aperiodic feedback can follow the principle of Rel-10 CA, i.e. concatenation without compression.
2.2 CSI request field for CoMP and CA

Although the 2-bit CSI request field has been defined, the 1-bit CSI request field has not been agreed. Instead, it was proposed as a working assumption:

· The 1-bit CSI request field is used to trigger the same CSI process(es) as that of codepoint ‘01’ of the 2-bit request field

The working assumption needs to be checked until the RAN1#71 meeting (e.g. for problematic ambiguities in CSS case). Further, the codepoint ‘01’ was agreed as follows:
· When an aperiodic CSI report is triggered with codepoint ‘01’, 

· a report is triggered for a set of CSI process(es) configured by higher layers for serving cell c 

We can treat the issue of ambiguity as the case of RRC reconfiguration [9]. As mentioned in [9], the common search space should provide means of fallback operation during the ambiguity period due to RRC reconfiguration. Otherwise, there is an ambiguity between eNB and UE during the RRC reconfiguration (e.g. new CC configuration or CC activation/deactivation). For Rel-10 CA, 1 bit in the common search space means that a trigger for CSI for serving cell c, which can be a fallback operation during the ambiguity period.
However, considering CA+CoMP in Rel-11, even if the 1 bit means a trigger for CSI process(es) for serving cell c, there is still some ambiguity in case of RRC reconfiguration, e.g. as CoMP measurement set is changed [6]. Some alternatives for the 1 bit option are listed as follows:
· Alt-1: the lowest index process on the serving cell c;

· Alt-2: all CSI process(es) for serving cell c;
· Alt-3: a set of CSI process(es) configured by higher layers for serving cell c. (Working assumption)

For Alt-1, the lowest index process may be the fallback CSI process, e.g. the CSI for serving cell without CoMP operation, so that the CoMP CSI reconfiguration will not impact this CSI process and there is probably no ambiguity.
Comparing Alt-2 and Alt-3, in our opinion, the configuration in Alt-3 may have slightly lower probability to be changed than Alt-2 in case of the CoMP CSI reconfiguration, since the set of CSI process(es) for Alt-3 can be set as the one or more CSI process with lowest index for serving cell c, which will not change frequently.

Comparing Alt-3 and Alt-1, Alt-3 can provide more flexibility in supporting CoMP operation and thereby has more potential performance gains. Moreover, fallback operation during the ambiguity period is not mandatory. The ambiguity during the RRC reconfiguration can be mitigated by implementation. For example, eNB does not trigger any CSI feedback within the time window of RRC reconfiguration. Considering the tradeoff between the flexibility and the trigger constraint, we prefer Alt-3.
Proposal 4: The 1-bit CSI request field is used to trigger the same CSI process(es) as that of codepoint ‘01’ of the 2-bit request field.
3 Conclusion
In this contribution, we discuss the remaining details of aperiodic CSI feedback for CoMP. Our proposals are summarized as follows:
Proposal 1: The maximum number of CSI processes reported in a subframe is 5 in Rel-11.
Proposal 2: Each set corresponding to codepoints “10” or “11” in CSI request field in DCI format 2D should not contain more than 5 CSI processes.
Proposal 3: The multiplexing for aperiodic feedback can follow the principle of Rel-10 CA, i.e. concatenation without compression.
Proposal 4: The 1-bit CSI request field is used to trigger the same CSI process(es) as that of codepoint ‘01’ of the 2-bit request field.
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