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1. Introduction

In RAN1#69, the followings were concluded for SRS enhancement for Rel-11 [1]:
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In this contribution, we share our views on SRS configuration for Rel-11.
2. Discussion
2.1. UE-specific SRS configuration
In the last meeting, the following WF was discussed [2]. Although this WF was not approved in last meeting, it is clear there is broad support for UE-specific virtual cell ID for SRS sequence and hopping pattern.
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Independent or dependent VCID

In the PUSCH DMRS and PUCCH for Rel-11, the introduction of a virtual cell ID (VCID) was agreed for each BSI and CSH. 
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Since independent VCIDs for PUCCH and for PUSCH DMRS have been proposed in email discussion, we have to consider the case that the different virtual cell IDs are configured for PUCCH and PUSCH DMRS. In this case, SRSs transmitted from Rel.11 UEs to the same RP (or the same CoMP coordinated area) are generated from two different VCIDs for PUSCH DMRS and PUCCH. However, the orthogonality of SRSs is provided by the transmission comb and cyclic shift, and especially cyclic shift based orthogonality among UEs requires the alignment of the BSI for all the multiplexed UEs. Therefore, SRS VCID which is dependent to that of PUSCH DMRS and PUCCH may cause the imperfect orthogonality among them. Moreover, legacy UEs generate SRS based on PCID so there may be orthogonality issue between legacy UEs and Rel.11 UEs. Therefore, we propose SRS BSI is configured using a UE-specific VCID which is independent of VCIDs for PUSCH DMRS and PUCCH. 
One VCID or two VCIDs?

Moreover, two A-SRS processes targeting DL TP and UL RP has been discussed in the SRS PC session. There are two different proposals in terms of the number of VCIDs. We think the orthogonality among SRSs should be kept within a CoMP coordination area for high accuracy of channel sounding so only one VCID is sufficient.
Proposal 1:
· SRS BSI is configured using a UE-specific virtual cell ID which is independent of VCIDs for PUSCH DMRS and PUCCH.
· Only one VCID is sufficient for UE-specific SRS configuration.

An issue of the UE specific srs-SubframeConfig
Regarding the second FFS part, i.e., srs-SubframeConfig, an srs-SubframeConfig is configured in a cell-specific manner in the Rel.10 specification. Figure 1 shows a typical use case of UE-specific configuration.
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Figure 1 An issue of the UE specific srs-SubframeConfig
The main motivation to configure srs-SubframeConfig in a UE-specific manner is that the transmission subframe of A-SRS for DL TP may not be identical to SRS subframe for UL RP, when the different configuration between the UL RP and DL TP has been set. In this case, the interference from UE#1 to A-SRS of UE#2 shown in Figure 1 occurs since UE#1 may not be applied the rate matching to the last symbol of the SRS subframe applied to UE#2.
However, from the CoMP perspective, srs-SubframeConfig can be aligned with all the TPs/RPs within a coordination area. Moreover, if UE-specific srs-SubframeConfig is supported, the specification impact is very large and the complexity of SRS scheduling is extremely heightened in the rate matching and SRS dropping rule. It is difficult to specify this feature considering the timeframe in Rel.11. We also think SRS transmission subframe can be separated between UL RP and DL TP by selecting appropriate triggering timing by eNB implementation even if we keep the cell-specific srs-SubframeConfig. Therefore, we do not see the needs of the UE-specific srs-SubframeConfig in Rel.11.
Proposal 2:
· UE-specific srs-SubframeConfig is not necessary in Rel.11.
2.2. Frequency hopping of aperiodic SRS
2.2.1. Need for frequency hopping of aperiodic SRS
In Rel-10, aperiodic SRS (A-SRS) is supported to achieve more efficient resource management. However, frequency hopping as applied to periodic SRS is not supported for A-SRS. As described in [3], we also believe that frequency hopping should be a mandatory feature for A-SRS in order to support wideband sounding for power-limited UEs. Therefore we propose frequency hopping should be supported in A-SRS. As for the detailed mechanism, we think the similar mechanism can be used for frequency hopping of A-SRS. Therefore, we prefer the reuse of the equations of Rel. 8 P-SRS hopping as that for A-SRS hopping, e.g., tables and equations in the section 5.5.3 in TS 36.211, for minimization of the specification impact considering Rel.11 timeframe.

Proposal 3:
· Frequency hopping should be supported in A-SRS
· Hopping equations should reuse that of P-SRS in Rel.8 for the minimization of the specification impact considering Rel.11 timeframe.

2.2.2. Separation of hopping bandwidth for two A-SRS processes
In the SRS PC discussion, two types of A-SRS PC processes have been discussed. Specifically, in the TDD case, A-SRS based channel reciprocity can be utilize for DL transmission, and A-SRS based sounding can be used for UL transmission. Firstly, Table 1 shows the possible cases for SRS transmission from the view point of UE transmission power.
Table 1 Possible cases of SRS transmission bandwidth for UL and DL transmission
	
	
	UL

	
	
	Power limited
	Non-power limited

	DL
	Power limited
	Case 1

DL: Limited-band

UL: Limited-band
	Case 2

DL: Limited-band

UL: Wideband

	
	Non-power limited
	Case 3

DL: Wideband

UL: Limited-band
	Case 4

DL: Wideband

UL: Wideband


In this table, the need of separate parameters of hopping bandwidth depends on the use cases. Next, table 2 shows the examples of use cases for SRS transmission for UL and DL, and Figure 2 shows one example of two A-SRS transmission.
Table 2 Use case of SRS transmission for UL and DL transmission
	UL transmission
	DL transmission

	· Frequency scheduling

· Link adaptation
	· Non-codebook based beamforming

(Precoding matrix calculation)
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Figure 2 An example of different hopping bandwidth between UL and DL

In the UL transmission, A-SRS transmission is assumed to be used for frequency scheduling and link adaptation as well as FDD. Especially, in the case of frequency scheduling for UL transmission, wideband sounding is preferable for power-limited UEs.
On the other hand, in the DL transmission, as a typical use case, it is assumed that A-SRS transmission is used for non-codebook based transmission precoding by using channel reciprocity. In this case, the accuracy of channel matrix is very important and we should avoid the too delayed channel for wideband sounding using frequency hopping for power limited UEs. This is because a precoding matrix by using delayed channel state can cause the significant performance degradation in especially MU-MIMO transmission for DL. Therefore, for the DL transmission, it is preferable that frequency hopping bandwidth is limited with small delay for use of channel reciprocity.
Based on these considerations, the SRS transmission for DL and UL may have completely different purpose. Therefore, the parameters bhop_ap for determination of hopping bandwidth should be separately configured for DL and UL transmission.
Proposal 4:
· bhop should be separately configured for each A-SRS configuration
3. Conclusion

Based on the considerations in section 2, we propose:

Proposal 1:
· SRS BSI is configured using a UE-specific virtual cell ID that is independent of VCIDs that are used for generating PUSCH DMRS and PUCCH.
· Only one VCID is sufficient for UE-specific SRS configuration.

Proposal 2:
· UE-specific srs-SubframeConfig is not needed in Rel.11.
Proposal 3:
· Frequency hopping should be supported in A-SRS

Proposal 4:
· bhop should be separately configured for each A-SRS configuration
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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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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








Agreement: 


�





Conclusion:


Confirm the working assumption that in addition to the existing mechanism, a UE can support the generation of a PUCCH base sequence and a cyclic shift hopping by replacing the physical cell ID NIDcell with a UE-specifically configured parameter X. 





Email discussion until June 15 on other details of PUCCH sequence and resource. (Yousuke, KDDI)
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