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1. Introduction
In RAN1#69, SRS enhancements for UL CoMP were discussed, and the following is captured for the further discussions:
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During the online discussions in RAN1#69, a couple of concerns are brought up, and no consensus has been reached. In addition, the introduction of frequency hopping for A-SRS, which is the remaining issue until Rel-10, was proposed [1], but this was not discussed in RAN1#69 due to the lack of time. 

In this contribution, we share our views on the remaining issues for SRS, which are necessary to support UL CoMP.
2. Discussions 
2.1. Frequency hopping for A-SRS
In RAN1#69, aperiodic SRS (A-SRS) is introduced in addition to periodic SRS (P-SRS) to achieve more efficient resource management, especially for MIMO operation. As for UL CoMP, the situation is very similar to MIMO and more efficient SRS resource coordination is highly desired because TDM may be used to achieve accurate UL (and also DL for TDD) channel measurement in a CoMP set. Therefore, enhancements for A-SRS should be considered as essential feature in Rel-11.

One of the biggest concerns on the current A-SRS spec is frequency hopping, i.e. the frequency hopping mechanism as in Rel-8 P-SRS is not supported for A-SRS. In our view, frequency hopping is a mandatory feature to support wider-band sounding for power-limited UEs. Furthermore, if frequency hopping is NOT supported for A-SRS but for P-SRS, which means that A-SPS and P-SRS are not compatible to each other, then their co-existence is not allowed. Therefore, frequency hopping for A-SRS should be agreed to complete the A-SRS functionalities.
When frequency hopping is introduced for A-SRS, it is natural to reuse the same hopping equations as Rel-8 P-SRS. In this case, one additional parameter i.e. bhop_ap, is introduced in the RRC parameter list for A-SRS to determine the hopping bandwidth. In addition, it should be determined whether or not bhop_ap is common for all RRC configuration sets. In our view, this parameter will be used by cell-specific manner in order to align the frequency hopping pattern with other UEs. Therefore, we cannot see the reason to use different configuration among coordinated cells. Therefore, a common bhop_ap can be used for all RRC configuration sets to reduce test cases.
Given these discussions, we propose the following to finalize the remaining issue on A-SRS:
Proposal:

· Frequency hopping should be supported at least for one-shot A-SRS 
· The same equations as Rel-8 P-SRS is reused for A-SRS frequency hopping.
· bhop_ap is introduced to determine hopping bandwidth, and common for all RRC parameter sets
2.2. Virtual cell ID for SRS
2.2.1. The necessity of virtual cell ID for SRS

In RAN1#69, an WF was proposed to introduce virtual cell ID (VCID) for SRS [2] aiming at the capacity improvements thanks to cell splitting for CoMP scenario 4. However, the conclusion was postponed to RAN1#70 because of the following concerns:

· Concern 1: Physical cell ID (PCID) based sequence generation can naturally achieve inter-point perfect orthogonality in CoMP scenario 4.
· Concern 2: If the power control enhancement is not agreed, SRS capacity will not be improved. 
· Concern 3: Additional rules for SRS drop may be required.
Regarding Concern 1, it is true that inter-cell perfect orthogonality is useful to maximize the UL CoMP gain in the case of multiple Rx point scenario. However, single point reception (i.e. different link connection between DL and UL) is also an important scenario for UL CoMP, and hence inter-cell perfect orthogonality is not always necessary. In this situation, quasi-orthogonality by using VCID is reasonable to achieve the cell splitting. As for Concern 2, we believe power control enhancement is not mandate to introduce VCID because closed-loop TPC, i.e. TPC command, is still available instead of CSI-RS based open-loop TPC. Therefore, the necessity of VCID for SRS should be discussed separately from TPC enhancement. Finally, Concern 3 would be a serious issue if the reception point is not transparent to the UEs. However, in our understanding, the difference of VCID or PCID is just a SRS sequence, and hence the reception point is still transparent to the UEs even when VCID is used. The parameter coordination can be left as eNB implementation issue.
From the discussions above, we think the introduction of VCID is good approach to achieve more flexible operation for UL CoMP scenarios, thus we propose the following:
Proposal:

· VCID should be introduced for SRS sequence generation.
2.2.2. Necessity of additional UE-specific parameters to overwrite cell-specific ones
In Rel-8/9/10, two parameters are defined as cell-specific parameters for FDD, i.e. srs-SubframeConfig (
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) and srs-BandwidthConfig (CSRS). If the different reception point of SRS is assumed for SRS, it is natural to overwrite these parameters by UE-specific manner. However, this would cause a very complicated procedure for UE, resulting in the problem as in Concern 3 in the previous section. In addition, if multiple reception point is assumed for SRS, it is natural to use the same SRS settings in a CoMP set. To simplify the problems, it should be assumed in Rel-11 that all the SRS parameters are aligned in a CoMP set. Therefore, no additional UE-specific parameters to overwrite cell-specific ones need to be introduced.

Proposal:

· No UE-specific parameters to overwrite Cell-specific ones are introduced in Rel-11.
3. Conclusion

In this contribution, we shared our views on SRS enhancements taking CoMP aspects into account. Our proposals are summarized as follows. 
· Frequency hopping should be supported at least for one-shot A-SRS 
· The same equations as Rel-8 P-SRS is reused for A-SRS frequency hopping.
· bhop_ap is introduced to determine hopping bandwidth, and common for all RRC parameter sets
· VCID should be introduced for SRS sequence generation.
· No UE-specific parameters to overwrite Cell-specific ones are introduced in Rel-11.
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UE-specific virtual cell ID X can substitute physical cell ID   NcellID  to generate SRS sequence and hopping pattern


The following is FFS until RAN1#70


relationship with  the virtual cell ID for PUSCH DMRS, i.e. fssPUSCH  for sequence hopping


relationship with the virtual cell ID for PUCCH, i.e. fssPUCCH for group hopping


FFS whether or not cell-specific parameters, e.g. srs-SubframeConfig, can be overwritten


if overwritten, it can be performed


by a UE-specific parameter, or


on an RRC configuration set basis


Observation:


At least in Scenario 4, having UE-specific virtual cell ID X can help increase SRS capacity. 


Proposal:


Working assumption is that UE-specific virtual cell ID X can substitute physical cell ID NcellID to generate SRS sequence and hopping pattern


FFS if there is there is issue related to rate matching, SRS dropping rule,


Conclusion: 


Continue discussion. 
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