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1 Introduction 

In RAN1#69, UE specific virtual cell ID to generate SRS sequence was proposed for UL CoMP in [1] as follows: 
· 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

The proposal is to enhance the SRS for UL channel state estimation at multiple reception points for UL CoMP.  This paper discusses the system impacts when SRS is generated by UE-specific virtual cell ID.   
2 SRS for CoMP
SRS are used for UL channel state estimation and also for DL channel state estimation where reciprocity can be assumed – for TDD, and for long-term channel effects in FDD.  In UL CoMP, SRS would be used for UL channel state estimation not only by the serving cell but also by all other reception points in the cooperating set.   The SRS from different UEs received at the reception points of the serving cell are orthogonal to each other due to the use of different cyclic shifts of the Zadoff-Chu root sequence.   However, since SRS sequences in different cells are generated based on different Zadoff-Chu root sequences, the SRS signals interfere due to the cross-correlation between two Zadoff-Chu root sequences when they reach other reception points with different cell IDs in the cooperating set.  
The SRS enhancement in [1] proposed to have UE-specific virtual cell ID X instead of Cell ID in SRS sequence generation and hopping.  The proposal would allow the E-UTRAN to coordinate the configuration and reception of SRS among reception points to ensure the orthogonality of SRS receptions from UEs in cell with different IDs.   The key factor of UE specific configuration is the “coordination” by the E-UTRAN in configuration and reception to ensure the orthogonality of SRS receptions.  However, E-UTRAN could alternatively coordinate the SRS transmissions to ensure the orthogonality  of  SRS receptions from UEs in different cells based on Rel-10 SRS generation without enhancement  as follows,
· FDM coordination among cells – If a cell would like to measure SRS from a neighboring cell, the E-UTRAN could coordinate by configuring no UEs in the serving cell to use the intended transmission comb and assign the other value of transmission comb to the UEs of its own cell.  Since different transmission combs are then used between SRS from neighboring UEs and its own UEs, the interference would be minimized.   The FDM could be coordinated statically or semi-statically by provisioning and allocating specific SRS resource among cells for inter-cell SRS measurements.  The FDM coordination could also be dynamic through reconfiguration when the eNB intends to measure SRS from UEs from neighboring cells.   
· TDM coordination among cells – eNB could allocate the SRS resources but not assign any UEs in its cell to those resources for inter-cell SRS measurements.  This would allow the eNB to measure SRS transmissions from UEs from two different cells.  The TDM coordination could be static through provisioning or dynamic through SRS reconfiguration.  
· SRS Interference cancellation – The primary interference for inter-cell SRS channel state estimation comes from SRS transmissions from UEs in the eNB’s own cell.  The serving cell SRS can be cancelled before detecting the neighbouring cell SRS as shown in Figure 1.   The pipeline structure of the SRS cancellation scheme requires minimal additional processing since the serving cell SRS are processed anyway.   The SRS interference cancellation has been shown already in the evaluation of network positioning technology.
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Coordination of SRS configuration is required in order to get desired channel state information for UL CoMP.  It is also necessary for all the reception points in the CoMP measurement set to be informed about the SRS configuration of specific UEs.   Rel-10 SRS generation with FDM or TDM coordination among neighboring cluster of cells could achieve the orthorgonality of SRS reception from UEs in the neighboring cell without UE-specific virtual Cell ID.  
Proposal 1:  Coordination of SRS configurations for UL CoMP is essential to ensure SRS orthogonality at reception points.  
3 Impact of SRS to other UL Channels 
The considerations of SRS design for UL CoMP are not only for the improvement of UL channel state estimation for multiple reception points with same or different cell ID but also the interaction to other UL channels.  SRS occupies the last symbol(s)  of UL subframes.    All PUSCH would rate matched around SRS in a subframe with SRS transmission.   SRS transmission also depends on the PUCCH to maintain single carrier property when both SRS and PUCCH are scheduled to be transmitted in the same subframe.   SRS is dropped in several situations.  The design of SRS to support CoMP needs to further consider the SRS interaction with other channels.  
3.1 Interaction between SRS and PUSCH
All SRS resources in a cell are configured by RRC signaling “SoundingRS-UL-ConfigCommon” and broadcasted on SIB2 to inform all UEs in the cell to exclude all SRS symbols from their PUSCH rate matching.  Each UE is configured with UE-specific SRS resource by RRC signaling “SoundingRS-UL-ConfigDedicated” for periodic SRS and “SoundingRS-UL-ConfigDedicatedAperiodic” for aperiodic SRS.    PUSCH would be rate matched to exclude SRS symbols  in a subframe containing SRS transmission, which include the specific UE’s scheduled periodic SRS transmissions,  other UE’s periodic SRS transmissions, and all aperiodic SRS transmissions.   Since it was agreed to have UE-specific UL DM RS scrambling, there are several issues to be considered in the interaction of PUSCH and SRS as follows:
· PUSCH Rate matching -  If PUSCH would be received by multiple reception points with different Cell IDs, PUSCH should be rate matched around SRS of all cells in the UL CoMP cooperating set.   When a UE is configured with multiple reception points in UL CoMP, eNB should provide the SRS configuration of all reception points with different Cell IDs through higher layer signaling.  
Proposal 2: The superset of the SRS configurations of all reception points in the CoMP cooperating set with different cell IDs needs to be informed to UEs configured with UL CoMP through higher layer signaling.  

 In addition, when a UE is configured with SRS to be received by multiple reception points with the same or different cell IDs, the E-UTRAN needs to reserve dedicated SRS resource for CoMP UEs or have the SRS resources coordinated through FDM or TDM to ensure the orthogonality of multiple SRS receptions in the same OFDM symbol.  The serving eNB also needs to inform the SRS configurations to all the reception points in the UL CoMP measurement set to decode the SRS.  Thus, the coordination of SRS configuration and SRS decoding at the reception points in the CoMP are more critical than specifying a new UE-specific virtual cell ID for SRS generation and hopping.   
3.2 Interaction between SRS and PUCCH

When PUCCH and SRS are scheduled to be transmitted in the same subframe,  UEs need to transmit the PUCCH with the shortened format excluding the last symbol to maintain the single carrier property of transmission.  PUCCH shortened format is an optional feature for the UE.  If the UE does not support the PUCCH shortened format, SRS has to be dropped if PUCCH is transmitted in the same subframe.   
In RAN1#69, it was agreed that a PUCCH base sequence and cyclic shift hopping can be configured with a UE-specifically configured parameter X in place of the physical cell ID NIDcell.   In Rel-11, PUCCH could be associated with any reception point with cell ID different than the serving cell.   The interaction of SRS and PUCCH remains the same for the specific UE regardless the PUCCH base sequence is generated based on its serving cell ID or UE-specific configuration parameter X.  SRS would be transmitted only when the UE supported the shortened PUCCH format when both SRS and PUCCH are scheduled to transmit in the subframe.  
Proposal 3: SRS behavior remains the same as that in Rel-10 when SRS and PUCCH are scheduled to be transmitted in the same subframe and PUCCH base sequence is generated by UE-specific parameter X.  

3.3 SRS dropping
In order to maintain the single carrier property, SRS is sometimes dropped.  The scenarios of periodic SRS dropping are summarized as follows, 
· In case both periodic and aperiodic SRS transmissions would occur in the same subframe in the same serving cell, the UE shall only transmit the aperiodic SRS transmission.

· A UE shall not transmit SRS whenever SRS and PUSCH transmissions happen to coincide in the same symbol.

· A UE shall not transmit periodic SRS whenever periodic SRS and PUCCH format 2/2a/2b transmissions happen to coincide in the same subframe.

· A UE shall not transmit SRS whenever SRS transmission and PUCCH transmission carrying HARQ-ACK and/or positive SR happen to coincide in the same subframe if the parameter ackNackSRS-SimultaneousTransmission is FALSE.

· A UE shall not transmit SRS whenever SRS transmission on any serving cells and PUCCH transmission carrying HARQ-ACK and/or positive SR using normal PUCCH format happen to coincide in the same subframe.

· In UpPTS, whenever SRS transmission instance overlaps with the PRACH region for preamble format 4 or exceeds the range of uplink system bandwidth configured in the serving cell, the UE shall not transmit SRS.

· A UE shall not transmit SRS whenever SRS and a PUSCH transmission corresponding to a Random Access Response Grant or a retransmission of the same transport block as part of the contention based random access procedure coincide in the same subframe.

SRS transmission therefore has a strong dependency with other UL channels in the cell.  If SRS is generated based on UE-specific parameters, SRS dropping behavior needs to be re-specified and signaled in a semi-static or dynamic way to prevent any SRS collision.  Since coordination of SRS configuration is far more important than UE-specific SRS configuration for UL CoMP, it would be more straightforward to reuse Rel-10 SRS sequence generation and cyclic shift hopping for UL CoMP.  

Proposal 4: Rel-10 SRS sequence generation and cyclic shift hopping are used for UL CoMP in Rel-11
4 Conclusions

This paper discuss SRS enhancement to support inter-cell SRS-based channel state estimation for UL CoMP.   Rel-10 SRS configurations with coordination already allow the eNB to flexibly configure the SRS resources without necessarily assigning UEs to those resources. This can enable both FDM and TDM of SRS in neighboring cells in order to facilitate the measurement of SRS transmissions from UEs in the neighboring cells.  We propose the SRS enhancement for UL CoMP as follows,
Proposal 1:  Coordination of SRS configurations for UL CoMP is essential to ensure SRS orthogonality at reception points.  

Proposal 2: The superset of the SRS configurations of all reception points in the CoMP measurement set with different cell IDs needs to be informed to UEs configured with UL CoMP through higher layer signaling.  

Proposal 3: SRS behavior remains the same as that in Rel-10 when SRS and PUCCH are scheduled to be transmitted in the same subframe and PUCCH base sequence is generated by UE-specific parameter X.  

 Proposal 4: Rel-10 SRS sequence generation and cyclic shift hopping are used for UL CoMP in Rel-11
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Figure � SEQ Figure \* ARABIC �1�: SRS interference cancellation
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