3GPP TSG RAN WG1 Meeting #70                                                   
R1-123937
Qingdao, China, 13th – 17th August 2012
______________________________________________________________________Agenda item: 7.5.5.1
Source: LG Electronics
Title: Remaining issues for uplink RSs
Document for: Discussion and Decision
1. Introduction
In RAN1#69 meeting, following PUSCH DMRS parameter details and signaling are agreed [1].
[Agreements on PUSCH DMRS]:

· A Rel-11 UE supports RRC configuration of UE-specific parameters {VCID, VCIDCSH}
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Group hopping:
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Sequence hopping:
If group hopping is disabled and sequence hopping is enabled:
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Sequence-shift pattern:

· CSH initialization(nPN(ns)):
· Parameter ranges: VCID(0 to 509), VCIDCSH(0 to 509)
· 
In the case when a UE is in RRC_connected, but has to send RACH,  for RACH msg 3 the UE should use Rel-10 mechanism for DMRS generation
· In Rel-11, there is only one set of virtual cell parameters (VCID, VCIDCSH) to be semi-statically configured with UE-specific RRC signaling
For SRS, there is one WF [2] presented in RAN1#69, which addresses the following proposals.
· UE-specific virtual cell ID (VCID) X can substitute physical cell ID (PCID) NIDcell to generate SRS sequence and hopping pattern
· FFS on relationship with the VCID for PUSCH DMRS, i.e. fssPUSCH for sequence hopping
· FFS on relationship with the VCID 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
The group has observed that, at least in CoMP scenario 4, having UE-specific virtual cell ID X for SRS can help increase SRS capacity.
This contribution provides our view on the remaining issues for uplink RSs, focusing mainly on SRS issues.

2. Discussion
In the current specification, the SRS sequence is determined by PUCCH sequence-group number u and PUSCH base sequence number v for sequence hopping [3].  Although the SRS sequence generation seems to be dependent on both PUCCH for group hopping (e.g., fssPUCCH) and PUSCH for sequence hopping (e.g., fssPUSCH), practically we can interpret the SRS sequence generation is tied to PUSCH in most cases to support PUSCH link adaptation and frequency selective PUSCH scheduling.  It is because the SRS sequence group hopping pattern fgh(ns) is always the same for both PUSCH and PUCCH with the same initialization parameter 
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, and if ss=0 is used for a cell, fssPUCCH is the same as fssPUSCH, meaning we can say the SRS sequence-group number is also tied to PUSCH.

Although in the current specification all the RS (CRS, CSI-RS, DMRS, PUSCH/PUCCH DMRS, and SRS) sequences are generated based on PCID, in Rel-11 PUSCH/PUCCH DMRS sequences can be generated based on UE-specific VCID(s) for different purposes.  Since the SRS transmission is primarily to support PUSCH scheduling and link adaptation, it seems natural and desired that the SRS sequence generation follows the PUSCH DMRS sequence generation, i.e., the SRS sequence is generated based on VCID for PUSCH for both group hopping and sequence hopping.
Proposal 1:  It seems natural and desired that the SRS sequence is generated based on VCID for PUSCH for both group hopping and sequence hopping, since the SRS transmission is primarily to support PUSCH scheduling and link adaptation.
Based on Proposal 1, in Rel-11 the SRS sequence can also be semi-statically changed according to the semi-static switching of the PUSCH DMRS sequence. The switch of PUSCH DMRS may occur based on the semi-static channel quality for each nearby reception point (RP). Thus, if the VCID for PUSCH DMRS is changed to target another RP, then the SRS sequence would also be desired to be generated to target the same PUSCH-targeting RP, and be orthogonalized to other UE’s SRS sequences associated in the PUSCH-targeting RP.  
If it is desired to support the SRS base sequence can be generated to be the same as any wanted SRS base sequence for legacy UEs including non-zero ss cases, we may introduce a UE-specific ssSRS to be used in conjunction with VCID for PUSCH when determining the SRS sequence-group number u by using 
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. Or the VCID itself for SRS can additionally be given by UE-specific RRC signaling which is independent from VCID for PUSCH/PUCCH to obtain full flexibility also for TP/RP selection, and so on. In this case, the related RRC parameter ranges are sufficient to be as VCIDSRS (0 to 503) and ssSRS (0 to 29).
Proposal 2:  To obtain full flexibility in generating SRS sequences for PUSCH scheduling and link adaptation as well as TP/RP selection, etc., PUSCH/PUCCH-independent two RRC parameters {VCIDSRS, ssSRS} can be configured via UE-specific RRC signaling.
Another issue on SRS has been raised [2] regarding a UE-specific SRS subframe configuration. In heterogeneous network, downlink serving cell for a UE can be different from uplink serving cell of the UE which can be regarded as CoMP UE. For example, PUCCH associated with PDCCH from eNB#1 can be targeted to eNB#2 in order to save uplink transmission power and in viewpoint of reducing interfering source. Similarly, PUSCH scheduled by PDCCH from eNB#1 can be targeted to eNB#2 with different cell ID.
Here, issues regarding cell-specific SRS subframe configurations may arise. When a CoMP UE (especially at cell-edge) transmits PUSCH to eNB#2 in response to PDCCH from eNB#1, it determines whether the last symbol of the PUSCH transmitting subframe is rate matched or not, based on eNB#1’s cell-specific SRS subframe configuration, according to the current specification. If an adjacent eNB#1’s cell-specific SRS subframe configuration is different from eNB#2’s, the PUSCH transmission toward eNB#2 without rate matching of the last SC-FDMA symbol may affect a considerable amount of interference to adjacent eNB#2. Thus, it should be considered for UL-CoMP that the cell-specific SRS subframe configurations between adjacent cells are different. 

Indeed, for example in CoMP scenario 3, each cell can configure an independent cell-specific SRS subframe configuration under the current specification. Thus, to prevent the undesired high interference on the last SC-FDMA symbol for adjacent cells when cell-specific SRS subframe configurations are different between cells, at least some RRC signaling to CoMP UE for informing multiple cell-specific SRS subframe configurations around the UE and indicating that the UE should do the PUSCH rate-matching based on the union of all possible SRS subframes configured by the multiple cell-specific SRS subframe configurations.  Another way of dealing with this issue is to introduce a UE-specific SRS subframe configuration by UE-specific RRC signaling. The UE should overwrite the cell-specific SRS subframe configuration with this UE-specific SRS subframe configuration when the UE receives this. This kind of UE-specific SRS subframe configuration can be also utilized for TP-specific spatial reuse of the last SC-FDMA symbol for PUSCH transmissions especially for CoMP scenario 4 [4]. Summarizing, per operator’s perspective, the UE-specific SRS subframe configuration can be flexibly used for either interference reduction purposes between adjacent cells or TP-specific spatial reuse of the last symbol for PUSCH in CoMP scenario 4.
Proposal 3:  Signaling of UE-specific SRS subframe configuration is introduced, to prevent undesired high interference to adjacent cells on the last SC-FDMA symbol of PUSCH transmission when cell-specific SRS subframe configurations are different between cells, as well as to be flexibly used for TP-specific spatial reuse of the PUSCH last symbol especially for CoMP scenario 4.

3. Conclusion
We discussed in this contribution remaining issues for uplink RSs in Rel-11, mainly focusing on SRS. The following proposals were given based on the discussion: 
Proposal 1:  It seems natural and desired that the SRS sequence is generated based on VCID for PUSCH for both group hopping and sequence hopping, since the SRS transmission is primarily to support PUSCH scheduling and link adaptation.

Proposal 2:  To obtain full flexibility in generating SRS sequences for PUSCH scheduling and link adaptation as well as TP/RP selection, etc., PUSCH/PUCCH-independent two RRC parameters {VCIDSRS, ssSRS} can be configured via UE-specific RRC signaling.
Proposal 3:  Signaling of UE-specific SRS subframe configuration is introduced, to prevent undesired high interference to adjacent cells on the last SC-FDMA symbol of PUSCH transmission when cell-specific SRS subframe configurations are different between cells, as well as to be flexibly used for TP-specific spatial reuse of the PUSCH last symbol especially for CoMP scenario 4.
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