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1 Introduction

At the RAN1#70 meeting [1], the issues related to CSI constraints were identified:
	Work offline to prepare a WF proposal for:
· limiting the UE processing requirements for CSI: 

· Combination of CoMP and CA:

· Allow CoMP on >1 CC

· Allow CoMP on max 1 CC when CA is configured

· Forbid simultaneous CoMP + CA configuration for a UE



The prepared WF [2] has been discussed offline, online, and through email [3].

On the other hand, a working assumption supporting simultaneous CoMP and CA has been made at the RAN1#70 meeting [1]:
	Working assumption
· Rel-11 supports the feedback configuration and reporting for simultaneous CA and CoMP.

· Strive for reduction of UE complexity in CSI report design, e.g. limiting number of CSI processes, etc



On the maximum number of interference measurement resources (IMR), a working assumption was also made [1]:

	Working assumption:

Maximum number of IMRs that can be configured for one UE:

· 3



Based on the above agreements, in this contribution we will discuss the following remaining open issues:
· Remaining details of CA+CoMP configurability

· Number of CSI processes and limitations on UE processing requirements

· Working assumption on maximum number of CSI-IM resources

2 Discussion
2.1 CoMP+CA configurability
At the RAN1#70 meeting, the working assumption that “Rel-11 supports the feedback configuration and reporting for simultaneous CA and CoMP” was proposed. The main concern was the UE processing complexity for CSI feedback. In this section, we will discuss the support of simultaneous CoMP and CA from the perspective of CSI feedback.
As mentioned in [2], the UE complexity is proportional to the system bandwidth under a given number of CSI processes. In other words, the peak UE processing load, i.e. under assumption of maximum system bandwidth, must be taken into account, while considering the maximum number of CSI processes in case of simultaneous CoMP and CA. Equivalently, we may need to restrict the number of CSI processes in all configured CCs as mentioned in [4].

The discussed CSI processes include not only the CoMP CSI but also the CSI for earlier releases. In our view, the processing complexity for one CoMP CSI is similar to that for one legacy CSI. Hence, we should restrict the number of CSI processes in all configured CCs, no matter the CSI process is the CoMP CSI or the legacy CSI.
Recall that up to 5 CCs are supported in Rel-10. This means that up to 5 CSI processes are supported in Rel-10. As mentioned in [2], some companies preferred the number of CSI processes in all configured CCs is 2X, where X is the number of CSI processes in single CC, and the majority view on the maximum number of X is 3 or 4 [2]

 REF _Ref336675743 \r \h 
 \* MERGEFORMAT [3]. We can agree on this constraint for the maximum number of CSI processes in all configured CCs, i.e. 6 or 8. Since the number 6 or 8 has the same order with the number 5, the feedback configuration and reporting for simultaneous CA and CoMP only results in moderate increase of UE processing complexity. In other words, from UE complexity perspective it may be feasible to support simultaneous CoMP and CA operations.
Proposal 1: Confirm the working assumption that “Rel-11 supports the feedback configuration and reporting for simultaneous CA and CoMP”.
2.2 The valid CSI reference resources
As mention in [2], some rules for constraining the valid CSI reference resources are introduced to alleviate the UE processing complexity. The proposed rules are:
· To improve “Worst case rate a specific CSI Process needs to be recomputed”, we can introduce the 5 ms periodicity of the valid CSI reference resources;
· To raise “The minimum processing time for a CSI process available between a measurement and the time the CSI process is reported in the uplink”, we can limit that the valid CSI reference resource occurring on or prior to subframe N-6, where the CSI is reported in subframe N.

For “Worst case rate a specific CSI Process needs to be recomputed”, the 5 ms periodicity of the valid CSI reference resources can avoid the re-computation of CSI processes within the interval between two successive CSI reference resources.
In email discussion [3], some companies showed that the so-called “corner” cases, in which NZP CSI-RS and IMRs are not in the same subframe, have the issue of introducing additional delays compared with the valid CSI reference resources of Rel-10. In their views, an advanced UE has capability to re-compute the CSI processes less than 5 ms, so the additional delay caused by the 5 ms periodicity of the valid CSI reference resources is unfair the advanced UE. Hence, they suggested only modifying RAN4 performance requirement such that low capability UEs would pass the tests with a 5 ms CSI update frequency, rather than modifications of RAN1 specifications. However, currently it is hard to define a new RAN4 performance requirement for CoMP with the 5 ms CSI update frequency, and relaxing the UE processing load by relaxing the testing requirement is not so straightforward.
In fact, the “corner” cases include the cases that multiple different NZP CSI-RS are configured in different subframes and multiple different IMRs are configured in different subframes, and these cases will worsen the issue of the additional delay. To avoid or limit all “corner” cases, proponents suggested putting NZP CSI-RS and IMRs for one UE in one subframe or within a 5 ms periodic grid, which could be done either by implementation or specification. Putting NZP CSI-RS and IMRs for each UE in one subframe seems a little crucial from perspective of CSI-RS usage, but putting them within a 5 ms periodic grid may be feasible. It should be noted that, the additional delay will be only at most 2 ms if NZP CSI-RS and IMRs are put in a 5 ms periodic grid. Furthermore, as pointed by proponents, it could be also allowable that the advanced UE can utilize the NZP CSI-RS and IMRs after the valid CSI reference resource, so for the advanced UE there is no issue of additional delay.
Proposal 2: Introduce the 5 ms periodicity of the valid CSI reference resources as baseline;

· FFS: Whether and how to limit the periodicity and offset of NZP CSI-RS and IMRs for a UE.

As discussed in [2][5][6], to prolong the minimum processing time for a CSI process available between the computing and reporting of the CSI process, one way is limiting the valid CSI reference resource occurring on or prior to subframe N-6, which is N-4 for Rel-10 CSI. We support maximum number of CSI processes for all configured CCs is 6 or 8 as discussed in the next, so compared with Rel-10 CA the maximum number of CSI processes for all configured CCs is about 1.5 times. Evaluating roughly, we think relaxing to subframe N-6 is feasible. Thus, we suggest:
Proposal 3: The valid CSI reference resource occurrs on or prior to subframe N-6, if CoMP operates on any of configured CCs, where the CSI is reported in subframe N.
2.3 Maximum number of CSI processes

As mentioned above, from the perspective of UE processing complexity, we should restrict the number of CSI processes in all configured CCs. However, it is beneficial to restrict the number of CSI processes in a single CC, since in non-CA (i.e. CoMP only) scenario, such a restriction can further reduce the UE processing complexity.
In the offline discussion [2] and the corresponding email discussion [3], the majority view is that the maximum number of CSI processes for single CC is either 3 or 4.

It should be noted that, compared with the case that only a limited number of the CSI processes for a UE are supported, the potential CoMP gain would be much improved in the case that all CSI processes can be supported. However, if the number of NZP CSI-RS for a UE is 3, there could be up to 12 CSI processes. In this case, it is hard to cover all CSI processes due to the limitation of UE processing complexity In contrast, if the number of NZP CSI-RS for a UE is 2, there would be only 4 possible CSI processes, and it is possible to cover all CSI processes,.since the UE processing load does not excess the UE capability for supporting Rel-10 CA feedback.
In case of 2 NZP CSI-RS and 4 CSI processes, the maximum number of IMR for a UE is still 3, which is the current working assumption. Moreover, if the number of NZP CSI-RS is 2, the UE processing complexity for the resultant 4 CSI processes seems just a bit higher than that for 3 CSI processes. More specifically, note that such additional CSI process may actually share the channel estimation results of the other 3 CSI processes, and at most only one more IMR needs to be measured for it. Hence, the extra complexity inflicted by supporting 4 processes in comparison to the option of 3 processes is quite moderate. Based on above reasons, we suggest:

Proposal 4: The maximum number of CSI processes for a single CC is 4.

It seems more crucial to restrict the number of CSI processes in all configured CCs in the scenario of simultaneous CoMP and CA. In the offline discussion [2] and the corresponding email discussion [3], two options were identified:

· The 2X CSI Processes are configurable in total for all configured component carriers, where X is the maximum number of CSI processes in single CC;

· The number of processes is UE capability.

In our opinion, it is more reasonable to decide a definite value of maximum number of CSI processes for all configured CCs. If the number of processes is up to UE capability, we should firstly classify the UE capability with respect to the maximum number of CSI processes, which requires large standardisation efforts especially considering Rel-11 time frame. It is more practical to define a maximum number of CSI processes for all configured CCs.
Proposal 5: The maximum number of CSI processes for all configured CCs should be defined explicitly.

Given that X = 3 or 4, based on the above proposal we will have 6 or 8 maximum number of CSI processes for all CCs. If the UE processing complexity for CoMP plus CA is a concern, the number may be set to 6.
Proposal 6: The maximum number of CSI processes for all configured CCs is 6 or 8.
2.4 Maximum number of IMRs
It is a common sense that the number of IMRs for a UE should not exceed the number of CSI processes for a UE. From above discussions, it is proposed that the maximum number of CSI processes for single CC is not greater than 4. Thus, the maximum number of IMRs in a single CC for one UE should not be greater than 4 in Rel-11.
From the performance perspective, if the number of CSI processes is larger than the number of IMRs, it implies that there is at least one IMR to be shared by different CSI processes with different NZP CSI-RS. The shared IMR(s) for one UE will not affect performance in the case that the number of NZP CSI-RS is 2, since all the 4 possible interference hypotheses are readily fulfilled from 3 IMRs.
On the other hand, from the perspective of UE processing complexity, a UE will have lower processing complexity with 3 IMRs configured than 4.

From above discussions, we suggest:
Proposal 7: The maximum number of IMRs on a single CC for one UE is 3.
3 Conclusion
In this contribution, the remaining issues for CSI constraints in Rel-11 for CoMP and CA are discussed, and the proposals recommended are:
Proposal 1: Confirm the working assumption that “Rel-11 supports the feedback configuration and reporting for simultaneous CA and CoMP”.

Proposal 2: Introduce the 5 ms periodicity of the valid CSI reference resources as baseline;

· FFS: The limitation of periodic and offset of NZP CSI-RS and IMRs for a UE.

Proposal 3: The valid CSI reference resource occurrs on or prior to subframe N-6, where the CSI is reported in subframe N, if CoMP operates on any of configured CCs.
Proposal 4: The maximum number of CSI processes for a single CC is 4.

Proposal 5: The maximum number of CSI processes for all configured CCs should be defined explicitly.

Proposal 6: The maximum number of CSI processes for all configured CCs is 6 or 8.

Proposal 7: The maximum number of IMRs on a single CC for one UE is 3.
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