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1. Introduction
A WF on SRS enhancements in support of UL CoMP was presented at RAN1#69 [1].  The WF addressed two issues:

· 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

In this contribution we discuss the use of virtual cell IDs for SRS generation including the number of virtual cell IDs needed and the relationship to the virtual cell IDs for PUSCH and PUCCH.  We also discuss the ramifications of allowing UE-specific SRS configurations for RRH users.
2. Virtual Cell IDs for SRS 
2.1. UE-specific Virtual Cell ID
In Release 10, the SRS is generated using the same base sequence and group hopping pattern as PUCCH. The base sequence u is defined as 
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and 
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.  The initialization of the pseudorandom sequence c is according to the cell ID, 
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.  Through this initialization and the definition of 
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, the SRS base sequence and group hopping is determined by 
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.  This leads to performance issues in both Scenarios 3 and 4.  In Scenario 3, the best point for uplink transmission may be the RRH while the best downlink transmission point is the macro cell.  In this case the cell ID used for SRS generation is that of the macro cell.  Consequently, SRS transmissions to the RRH are not orthogonal to those of UEs served by the RRH [2].  In Scenario 4 all UEs in the cell share the same cell ID and therefore due to the limited number of cyclic shifts available, multiplexing in time or frequency is necessary to avoid interference.  This results in a large SRS overhead.  Both of these issues may be addressed by generating the SRS with a virtual cell ID, similar to what has been agreed for PUSCH DMRS and PUCCH. 
SRS transmissions in Release 11 may be categorized into three types: 1) periodic (trigger type 0) 2) aperiodic targeting the uplink reception point (trigger type 1) and 3) aperiodic targeting the downlink transmission point (trigger type 1). Periodic SRS transmissions may target either the uplink reception point (RRH) or the downlink transmission point (macro). In order to maintain orthogonality with other UE’s SRS transmissions in each of the three cases, different virtual cell IDs are required.  For example, an aperiodic transmission targeting the macro cell should be configured with the macro’s cell ID while an aperiodic transmission targeting the RRH should be configured with the RRH’s cell ID.  Since aperiodic transmissions targeting the DL transmission point are typically triggered with a downlink DCI format and aperiodic transmissions targeting the UL reception point are typically triggered with an uplink DCI format, different virtual cell IDs can be used depending on whether the transmission was triggered with a downlink vs. uplink DCI format.  Since periodic transmission can be targeted at either the uplink reception point or the downlink transmission point, a separate virtual cell ID may be used for periodic SRS generation.  Overall three virtual cell IDs should, therefore, be defined for use in SRS generation:

Proposal:

· The UE-specific virtual cell ID X which substitutes the physical cell ID 
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 in SRS sequence and hopping pattern generation takes one of three values:
· 
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 when an aperiodic SRS transmission is triggered with an uplink DCI

· 
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 when an aperiodic SRS transmission is triggered with a downlink DCI

· 
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 for a periodic SRS transmission.
Alternatively, since periodic transmission often target the uplink reception point, the virtual cell IDs for periodic SRS and aperiodic SRS triggered via uplink transmission could be made the same.  
2.2. Relationship to Virtual Cell ID for PUSCH DMRS and PUCCH
Virtual cell IDs have been agreed to be used for PUSCH DMRS and PUCCH through substituting virtual cell IDs for cell IDs in the  sequence-shift patterns  for 
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  as well as the initialization of the group-hopping pattern 
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.  Next we consider whether either of these virtual cell IDs may be reused for SRS generation.  Consider first reusing the virtual cell ID for PUSCH DMRS for Release 11 SRS generation in Scenario 3.  Referring to Figure 1, the legacy UE UE2’s SRS group hopping is based on 
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 is the physical cell ID of the RRH.  If the release 11 UE1’s SRS group hopping is based on the PUSCH DMRS’s virtual cell ID (unless the PUSCH virtual cell ID is made equal to the physical cell ID of the RRH) then the SRS transmissions cannot be made orthogonal by a cyclic shift since UE2 and UE1 use different base sequences.  Now consider the case of reusing the virtual cell ID for PUCCH for Release 11 SRS generation in Scenario 3.  Again legacy UE UE2’s SRS group hopping is based on the PUCCH group hopping of the RRH. On the other hand Release 11 UE1 receives its downlink from the macro and therefore its PUCCH group hopping is based on the macro’s cell ID.  Basing UE1’s SRS on the PUCCH’s virtual cell ID would then result in different group hopping for the SRS transmissions of UE1 and UE2 which are both to be received by the RRH.

A similar problem arises in TDD case where UE1’s SRS transmission is to the macro but both PUCCH and PUSCH are received by the RRH.  To make UE1’s SRS transmission orthogonal to other UEs at the macro, it is necessary to use a virtual cell ID different than that used by either PUSCH DMRS or PUCCH.
· Proposal The virtual cell ID for SRS should be independently configured from that of PUSCH DMRS and PUCCH.
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Figure 1: SRS transmissions of Release 11 UE1 and legacy UE2
3. UE-specific Signaling of SRS Subframe Configuration (srs-SubframeConfig)
UE-specific signaling of SRS subframe configuration has been proposed as a means to reduce overhead in Scenario 4 when the UE densities in the RRH and macro differ greatly [3].  Figure 2illustrates how a cell-specific SRS configuration for the macro cell and a UE-specific configuration for a RRH UE in Scenario 4 may be used to minimize RRH SRS overhead when the UE densities in the RRH is less than in the macro, i.e the macro cell is configured with more SRS subframes than specified in the UE-specific configuration for the RRH UE.  This arrangement can cause the PUCCH transmissions of UEs receiving downlink from the macro and RRH UEs to be non-orthogonal as described below for Scenario 3 and 4.
Scenario 4
Consider UE1 (in Figure 3) that is receiving its downlink from the macro and transmits it uplink to the RRH.  Assume that while subframe #0 is an SRS subframe for the macro cell, the UE1 through its UE-specific periodicity and subframe offset is not configured to transmit SRS in this subframe.  If the cell is configured such that UEs can support the transmission of HARQ-ACK on PUCCH and SRS in one subframe, i.e., the parameter acknackSRS-SimultaneousTransmission is TRUE, the UE1 will transmit HARQ-ACK and/or positive SR in shortened PUCCH format in the subframe.  Subframe #0 is not an SRS subframe for an RRH UE2 (in Figure 3, UE2 is configured with UE-specific srs-SubframeConfig parameter with SRS subframes of the RRH) though and, therefore, it will transmit HARQ-ACK and/or positive SR in normal PUCCH format.  The shortened PUCCH format and the normal PUCCH format are no longer orthogonal for formats 1/1A/1B since the OCC codes are of different lengths.  If the RRH UE2 can also transmit in the shortened PUCCH format, then orthogonality with the UE1 (legacy UE) can be restored.  The RRH UE2, therefore, needs to be able determine the cell-specific SRS subframes of the macro cell which can be done by reading SubframeConfig from SIB2.  On each of these subframes, the RRU UE2 needs to transmit HARQ-ACK and/or positive SR with the shortened PUCCH format to avoid PUCCH format collision with the legacy UE1.
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Figure 2: UE specific SRS subframe configuration for RRH users in Scenario 4
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Figure 3: Scenario 4: PUCCH of legacy UE1 and Release 11 UE2 are not orthogonal in subframes #0, #1, #4,#6, and #8  due to UE1 using the shortened PUCCH format.
Scenario 3

Different subframe configurations may be assigned to the macro and RRH cells in Scenario 3.  As occurred in Scenario 4, there may be subframes which are SRS subframes in the macro cell but are not in the RRH cell and therefore macro and RRH UEs with uplink targeted at the RRH (reception point) will transmit HARQ-ACK and/or positive SR with shortened and normal PUCCH formats respectively in these subframes assuming the macro cell is configured with acknackSRS-SimultaneousTransmission equal to TRUE.  This situation can be avoided by applying a UE-specific subframe configuration to macro UEs (with uplink targeted at the RRH) which matches the subframe configuration of the RRH with the same acknackSRS-SimultaneousTransmission configuration as the RRH cell.  Both macro and RRH UEs will therefore have the same set of SRS subframes and will simultaneously transmit with a shortened PUCCH format (when acknackSRS-SimultaneousTransmission equal to TRUE).
Combining the cases of Scenarios 3 and 4, with UE-specific signaling of srs-SubframeConfig parameter, the UE needs to be configured to use either the SIB2 srs-SubframeConfig or the UE-specific signaling srs-SubframeConfig to determine the (cell-specific) SRS subframes of the primary cell for shortened PUCCH format usage if the UE is configured to support the transmission of HARQ-ACK on PUCCH and SRS in one subframe, i.e., the parameter ackNackSRS-SimultaneousTransmission is TRUE.
Proposal:

· If a UE is configured to support HARQ-ACK on PUCCH and SRS in a subframe, the SRS subframes in which the shortened PUCCH format is used are determined from either SIB2 srs-SubframeConfig or from a UE-specific signaling srs-SubframeConfig based on higher-layer signaling.

4. UE-specific Signaling of SRS Bandwidth Configuration (srs-BandwidthConfig)

Similar to UE-specific signaling of SRS subframe configuration, UE-specific signaling of SRS Bandwidth configuration (parameter 
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) can be used as a means to align to macro UE (uplink targeted to RRH) with the SRS Bandwidth configuration of the RRH in scenario 3 or sound a different bandwidth (e.g., larger bandwidth) in RRH in scenario 4 as the PUCCH overhead may be different (e.g., smaller) due to different UE densities. Such UE-specific signaling of srs-BandwidthConfig would be needed for the different SRS parameter sets (SRS-ConfigAp IE) as different triggers may target SRS to different TPs (macro or RRH). 
In Rel-10, the PUSCH rate matching and mapping (not part of the last SC-FDMA symbol in a subframe configured with cell-specific SRS) relies on the cell-specific SRS bandwidth (largest bandwidth indicated by srs-BandwidthConfig) to determine whether PUSCH transmission partly or fully overlaps with the cell-specific SRS bandwidth. UEs with different cell-specific SRS bandwidth values (legacy UE cell-specific SRS bandwidth based on SIB2 srs-BandwidthConfig and Rel-11 UE with UE-specific signalling of srs-BandwidthConfig in scenario 4) can result in PUSCH and SRS collision on the last SC-FDMA symbol in the subframe. To avoid such collisions, Rel-11 UE with UEs UE-specific signaling of srs-BandwidthConfig would need to be configured with a maximum SRS bandwidth to use for determining the PUSCH rate matching and RE mapping.
As the UE-specific signaling of srs-BandwidthConfig would be in one or more SRS parameters sets (SRS-ConfigAp IE) in addition to the SIB2 srs-BandwidthConfig some approaches can be considered for determining the maximum SRS bandwidth:
· use the largest SRS bandwidth from the set of SIB2 srs-SubframeConfig parameter and the srs-BandwidthConfig parameters in the one or more SRS parameters sets,
· Indicate which srs-BandwidthConfig parameter to use,
· Configure (explicit) the UE with a srs-BandwidthConfig to use for PUSCH rate matching and RE mapping

Proposal
· UE-specific signaling of SRS Bandwidth configuration in one or more SRS parameter sets (part of SRS-ConfigAp IE)
· Specify the maximum SRS bandwidth which the UE uses to determine whether the PUSCH transmission partly or fully overlaps with the SRS bandwidth in subframes configured with cell-specific SRS for PUSCH rate matching and mapping of PUSCH to resource elements.
5. Conclusions
This contribution discussed the use of virtual cell IDs for SRS generation and their relationship to virtual cell IDs of PUSCH DMRS and PUCCH.
· The UE-specific virtual cell ID X which substitutes the physical cell ID 
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 when an aperiodic SRS transmission is triggered with an uplink DCI

· 
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 when an aperiodic SRS transmission is triggered with a downlink DCI

· 
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 for a periodic SRS transmission
· The virtual cell ID for SRS should be independently configured from that of PUSCH DMRS and PUCCH.

The use of UE-specific signaling of subframe configuration and SRS bandwidth configuration was also described and considerations for avoiding interference between short format and regular format PUCCH transmissions were presented.
· If a UE is configured to support HARQ-ACK on PUCCH and SRS in one subframe, the SRS subframes in which the shortened PUCCH format is used are determined from either SIB2 srs-SubframeConfig or from a UE-specific signaling srs-SubframeConfig based on higher-layer signaling.
· UE-specific signaling of SRS Bandwidth configuration (srs-BandwidthConfig) as  part of one or more SRS parameter sets (in SRS-ConfigAp IE)
· Specify the maximum SRS bandwidth which the UE uses to determine whether the PUSCH transmission partly or fully overlaps with the SRS bandwidth in subframes configured with cell-specific SRS for PUSCH rate matching and mapping of PUSCH to resource elements.
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