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1 Introduction

The introduction of DL and UL CoMP in Rel-11 requires higher-layer signaling support. This contribution gives our view of the status of RAN1 decisions in relation with higher-layer signaling, and recommendation on liaison statements to send to RAN2 and RAN3. It is proposed to send liaison statements to RAN2 and RAN3 at RAN1#69.
2 Higher layer signalling requirements for DL CoMP
RAN1 work on DL CoMP has made good progress on CSI-RS and UE-specific RS. Other details of DL CoMP support by higher-layer signaling are still under discussion, especially for CQI/CSI feedback modes and interference measurements resources. A LS relative to CSI-RS based signal quality measurements has already been sent to RAN2 [1]. Features requiring RRC signaling support are listed below, starting with the configuration of measurements resources.
CoMP Resource Management Set: The set of (non-zero power) CSI-RS resources for which CSI-RS based received signal measurements can be made and reported.
· How the network decides which CSI-RS resources to include in the CoMP Resource Management Set is up to network implementation.
· The set of CSI-RS resources in the CoMP Resource Management set and the set of CSI-RS resources in the CoMP measurement set can be independent.
· The CSI-RS based received signal quality measurement would at least be CSI-RS RSRP. Further considerations on CSI-RS RSRQ will be discussed at RAN1#69.
· Which parameters are signaled for configuring each CSI-RS resource in the CoMP Resource Management Set [2], and the definition of CSI-RS RSRP in 36.214 are TBD.
Observation: a LS was sent to RAN2 (cc RAN3/4) at RAN1#68bis [3]. CSI-RS RSRP measurement definition in 36.214 is expected to be finalized at RAN1#69, and the details of configuration parameters should be finalized, requiring another LS to RAN2/4.

CoMP Measurement Set: one or multiple non-zero-power CSI-RS resources, where the following parameters were agreed to be signaled per non-zero-power CSI-RS resource:
· AntennaPortsCount

· ResourceConfig

· SubframeConfig

· Virtual cell ID (X) for sequence initialization (range 0 to 503)

· Pc (assumption on ratio of PDSCH EPRE to CSI-RS EPRE)
· Interpretation of ns (slot index) in the sequence initialization equation is TBD
Observation: LS should be sent to RAN2 after finalizing the interpretation of ns, possibly at RAN1#69.
Interference Measurements Set: one or multiple interference measurements resources

· At least one Interference Measurement Resource (IMR) can be configured for a Rel-11 UE

· FFS whether a maximum of only one or multiple IMRs can be configured for a Rel-11 UE

· Each IMR consists of only REs which can be configured as Rel-10 CSI-RS resources

· FFS whether REs of an IMR are allowed to be configured as non-zero-power CSI-RS resources

· FFS whether an IMR can have finer granularity than 4 REs/PRB
Observation: LS should be sent to RAN2 when the definition of one IMR (number and type of REs) and the maximum number of IMRs are decided, possibly at RAN1#69.
Configuration of DL UE-specific RS:
· Virtual cell ID values {x(0), x(1)} with range in 0 to 503 for downlink UE-specific RS
· nSCID is reused for dynamic selection of x(0) or x(1) for rank 1 and rank 2
Observation: LS can be sent to RAN2 after confirming the working assumption, with possible update for rank > 2 if agreed at RAN1#68bis.
Configuration of CQI/CSI feedback on PUCCH and PUSCH:

· RI/PMI/CQI feedback mode
· Associated non-zero-power CSI-RS resource(s) and interference measurements resource(s)
· Encoding of feedback contents in PUCCH/PUSCH
Observation: since discussions on feedback modes have not started in RAN1, target to send a LS to RAN2 by the end of RAN1#70. If possible, send an LS to RAN2 on CoMP CQI definition at RAN1#69.
Note that additional RRC signaling may be introduced for supporting the indication of PDSCH mapping in DL DCI [4] and for aperiodic CSI feedback triggering [4], although these topics have not yet been discussed.

Proposal for DL CoMP:
· Target to send a LS to RAN2 (cc RAN4) at RAN1#69 with the final details of CoMP Resource Management Set, CoMP Measurement Set, Interference Measurements Set, and CoMP CQI definition.
· Target to send a LS to RAN2 at RAN1#70 with the final details of new parameters related to the configuration of DMRS, CQI/CSI feedback modes and new RRC parameters related to enhancements to DL and UL DCI formats.
Intra-eNB DL CoMP will be supported in Rel-11 with implementation-dependent solutions for transmission point(s) selection, transmission scheme selection and precoder computation, and multi-point coordinated scheduling. Inter-eNB DL CoMP is foreseen to rely on coordinated implementation across multiple eNBs, without the need to define inter-eNB signaling over the X2 interface.

Observation: no X2 signaling for DL CoMP is needed in Rel-11.

3 Higher layer signalling requirements for UL CoMP
RAN1 work on UL CoMP has made good progress on enhancement of the base sequence for PUSCH and PUCCH, where it has been decided that UE-specific configuration will be supported in Rel-11. Dedicated RRC signaling will be provided for this purpose, possibly with associated dynamic signaling. Other details of UL CoMP support by RRC signaling are still under discussion and are marked as TBD below. 

The features requiring RRC signaling support are the following:
· PUSCH DMRS sequence: RRC signaling of UE-specific parameters VCID and cinitCSH if the working assumption is confirmed.
· PUCCH DMRS sequence: RRC signaling of UE-specific virtual cell ID if the working assumption is confirmed.

· PUCCH format 1a/1b resource (TBD)

· SRS power control: if introduced, solutions may include signaling of an extended-range power offset, configuration of an SRS TPC command, configuration of OL PC parameters (TBD)
· SRS enhancements (TBD)

· Timing advance (TBD)
Observation: LS should be sent to RAN2 when the details of PUSCH and PUCCH DMRS sequence are finalized, possibly at RAN1#69. Also include agreements on SRS and PUCCH resource if any at RAN1#69.

Proposal for UL CoMP:
· Target to send a LS to RAN2 at RAN1#69 with at least the final details of PUSCH DMRS sequence and PUCCH DMRS sequence.
· Target to send a LS to RAN2 at RAN1#70 with RAN1 agreements of SRS, SRS power control, PUCCH resources and timing advance, if any.
Intra-eNB UL CoMP will be supported in Rel-11 with implementation-dependent solutions for reception point(s) selection, signal combining with joint reception, and multi-point coordinated scheduling. Inter-eNB UL CoMP is foreseen to rely on coordinated implementation across multiple eNBs, without the need to define inter-eNB signaling over the X2 interface.

Observation: no X2 signaling for UL CoMP is needed in Rel-11.

4 Conclusions
This contribution provides a list of DL and UL CoMP features that require higher-layer signalling support. A number of these features are still being discussed in RAN1, especially CQI/CSI feedback modes, interference measurements resources, uplink reference signals and power control. Based on this analysis, the following are proposed:
Proposal for DL CoMP:
· Target to send a LS to RAN2 (cc RAN4) at RAN1#69 with the final details of CoMP Resource Management Set, CoMP Measurement Set, Interference Measurements Set, and CoMP CQI definition.
· Target to send a LS to RAN2 at RAN1#70 with the final details of new parameters related to the configuration of DMRS, CQI/CSI feedback modes and new RRC parameters related to enhancements to DL and UL DCI formats.
Proposal for UL CoMP:
· Target to send a LS to RAN2 at RAN1#69 with at least the final details of PUSCH DMRS sequence and PUCCH DMRS sequence.
· Target to send a LS to RAN2 at RAN1#70 with RAN1 agreements of SRS, SRS power control, PUCCH resources and timing advance, if any.
Proposal for LS to RAN3:
· It is proposed to send a LS to inform RAN3 that RAN1 will not specify support for DL and UL CoMP relying on inter-eNB communication via X2 interface in Rel-11.

A draft LS to RAN3 is provided in [5].
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