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1. Introduction

At the RAN1 #66 meeting, progress has been made on the evaluation of CoMP scheme and WI direction has been determined [1]. 
Following the observations on CoMP performance benefits, which are based on the evaluations of coherent joint transmission, coordinated scheduling/beamforming, dynamic point selection, and dynamic point blanking, the work for specifying CoMP support in Rel-11 should focus on

· Joint transmission

· Dynamic point selection, including dynamic point blanking

· Coordinated scheduling/beamforming, including dynamic point blanking
All schemes will be developed assuming that the UE reports CSI feedback based on the assumption of single-user transmission for the work specifying CoMP. This assumption causes no restriction on the SU/MU scheduling decision at the eNB when the PDSCH is demodulated based on UE-specific RS.
Based on this decision, we should start investigating the work for specifying the above CoMP schemes in more details.   One area of identified specification impact is downlink control signalling.  A list of possible specification impact is identified in [1].  This contribution presents our views on some of these potential signalling impacts.
2. The possible specification impact on specification in CoMP 
The following downlink control signalling may be required to support DL CoMP schemes: 
· CSI-RS configurations and zero-power CSI-RS configurations for CoMP measurement set and possible Cell IDs 
· Transmission modes configuration signaling 
· Feedback modes configuration signaling including related uplink channel configuration 
· Semi-static/dynamic configuration signaling to resolve problems related to different CRS frequency shifts in different cells and the PDSCH/CRS collisions 
· Semi-static/dynamic configuration signaling to resolve problems related to different PDCCH regions sizes in different cells
· Multiple codebooks restriction sets related to different  points may signal to UE
· Antenna ports and related scrambling sequences 
2.1. Signalling of CSI-RS configurations 
In order to support efficient CoMP operations, Rel-11 UE should be able to measure CSI-RS transmitted from multiple points. So the UE should be signalled with multiple non-zero-power CSI-RS configurations in UE specific manner and they should be able to measure channel conditions based on these multiple CSI-RS configurations happening in the same subframe or different subframes.  

CSI-RS sequence is generated based on the Cell ID.  In scenarios 1-3, different points have different sequence as they have different Cell IDs.  When UE is required to feed back the CSI from different points, only the CSI-RS configuration signalling is not enough. Cell ID should be signalled to UE as well.  So multiple CSI-RS configurations with Cell IDs of measurement sets is required to signal UE the semi-statically configured CoMP measurement set.  
Proposal1: Multiple non-zero-power CSI-RS configurations signalling in UE specific manner should be introduced.  The corresponding cell IDs of the measurement set should be signalled to UE.
To achieve more CoMP gain, accurate and timely feedback is essential. Multiple CSIs can be fed back in TDM fashion based on CA feedback framework.  Considering limited PUCCH capacity, time difference between CSIs from different points may decrease the CoMP gain if we solely rely on PUCCH to obtain the whole picture of CSI conditions of multiple points.  It becomes more difficult if multi-point PUCCH feedback is added on top of multiple CSI reports due to CA and resource-restricted CSI introduced in Rel-10.  Because of this PUCCH limitation, eNB can only obtain coarse CSI information which helps eNB to decide which points are suitable for CoMP scheme.  Once eNB decides the potential cooperating set and corresponding desired CoMP scheme, eNB can trigger a more detailed CSI report on PUSCH based on the decision.   Therefore, it is desirable to allow different measurement sets and CSI-RS configurations for PUCCH and PUSCH reports. The PUCCH measurement set can be configured by high layer signalling such as multiple CSI-RS configuration signalling and the PUSCH measurement set can be configured by physical layer signalling such as downlink grant [2].
Proposal2: Different measurement sets and CSI-RS configurations can be allowed for measurements for periodic and aperiodic feedback.

In the aspect of CSI feedback, we also need to consider accurate interference measurement.  In scenario 4, accuracy of interference measurement over CRS can be affected as there is potential mismatch on the interference conditions between CRS and actual transmission based on CSI-RS channel measurement.  Thanks to the zero-power CSI-RS, interference from other points can be measured more accurately.  To allow more flexible interference measurement, multiple sets of zero-power CSI-RS configurations may be required.  Furthermore, in order to save the zero-power CSI-RS overhead and allow interference measurement for different combinations of interference condition, partial zero-power CSI-RS configurations can be considered in frequency domain e.g. in the unit of RB or sub-band.
Proposal3: Partial zero-power CSI-RS configurations in frequency domain can be considered to allow more flexible interference measurements.
In scenario 4, as a result of common Cell ID in RRHs, CRSs of RRHs sharing the same frequency shift factor and hence UE can’t measure different path loss from different RRHs.  CSI-RS can be utilized to path loss measurement, so multiple power offset signalling of CSI-RS can be considered to measure the path loss.  Multiple power offset can also allow flexible power control on each point to reduce power imbalance issue.
Proposal4: Multiple power offset signalling of CSI-RS within a cell can be considered.
2.2. Transmission modes configuration signalling
· To avoid DMRS interference between different points for area with serious interference[3], more orthogonal DMRS ports are needed and hence antenna port mapping table of DCI format 2C may need changes. 

· In Scenario 4, to allow transmission points using different sequences for interference randomization in weaker interference cases, generation of DMRS sequence may need changes to allow more sequences in one call.
· New feedback mode can be configured to Rel-11 UEs for CoMP, e.g. feedback multi-point CSIs in configured CoMP measurement set.

· Dynamic configuration signaling may be needed to resolve problems related to different CRS frequency shifts in different cells and the PDSCH/CRS collisions.
· Dynamic configuration signalling may be needed to resolve problems related to different PDCCH regions sizes in different cells.
· Dynamic configuration signalling may be required to trigger UE to report CSIs of indicated points on PUSCH.  
· Dynamic configuration signalling may be needed to indicate UE to report timing difference or subband inter-point correction information.

All above factors require a new DCI format which in turns needs the introduction of a new transmission mode.

Poposal5: New transmission mode is desired for supporting CoMP transmission.
2.3. Feedback modes configuration signalling
In order to support CoMP transmission, UE has to feedback multi-points CSI. So the new feedback mode may be necessary. Different CoMP schemes have different requirements on CSI feedback. For example, if dynamic point selection is supported, an indication of points for downlink transmission can be conveyed to the eNB as a part of the channel feedback. If dynamic blanking is supported, a UE may provide feedback assuming multiple interference assumptions. Additionally, if coherent joint transmission is supported in the specification, a UE needs to feed back inter-point phase information connecting the precoding information on the individual points. So the actual specification impact on feedback would depend on CoMP scheme. Take into account CoMP different schemes have different requirement on feedback and to make the specification simple, flexible configuration approach is preferred. So different points in measurement set can be configured with different feedback mode and/or feedback period and subframe offset for supporting CoMP more flexibly. 
Proposal6: Different points in measurement set can be configured with different feedback mode and/or feedback period and subframe offset for supporting CoMP flexibly.
2.4. Signalling for PDSCH mapping to resolve PDSCH/PDCCH &PDSCH/CRS collisions
For CoMP transmission especially for JP, PDSCH for a CoMP UE suffers interference from CRS of CoMP coordinating points due to different cell-specific reference signal frequency shifts in scenario 1, 2 and 3.  This can potentially cause significant performance degradation.  Possible ways to tackle this issue is to puncture or rate-match the traffic data in PDSCH taking into account of CRS from CoMP coordinating points. Another way is to perform JP only in MBSFN subframes. Further study is needed to investigate if standardization support is needed.
For JP-CoMP, the starting position of the PDSCH for the CoMP UE might not be aligned among all CoMP transmission points.  In addition, DPS over different RB pairs in the same subframe with/without blanking may be utilized in CoMP system, different DPS points may possess different number of PDCCH symbols.  Dynamic signaling may be required to inform UE the maximum number of PDCCH symbols in current subframe. Or we can semi-statically configure the UEs the CoMP PDSCH starting position through high-layer signaling. Also semi-statically configuration may reuse the CA structure, not precluding other optimizations. 
Proposal7: Dynamic signaling or semi-statically signaling may be required to inform UE the rate-matching information considering collisions or maximum number of PDCCH symbols among all the transmission point. 
2.5. Codebooks restriction sets
As show in figure 1, points in measurement set is geographically separate, it is more flexible to allow different points configuring the same UE with different codebooks restriction to realize interference avoidance/cancelling.  e.g. it can be more beneficial for UEs to report a coarser PMI for coordinating point.   If actual feedback overhead can adapt to the codebook restriction, this can also help to reduce overall feedback overhead. 
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Figure 1 different points perform precoding based on different codebook restrictions.
Proposal8: Multiple codebook restriction sets can be considered to allow more flexible coordination and potentially to reduce feedback overhead.
2.6. Antenna ports and related scrambling sequences
In scenarios 3-4, according to Rel-10 conclusion, the DMRS antenna ports must be mapped from port 7 to port 14 in the ascending order (except port 7 or 8).  DMRS port orthogonality cannot be guaranteed among the users under different transmission points in the same macro coverage area when they are scheduled in the same time and frequency resources.  To achieve more accurate DMRS channel estimation and hence better demodulation performance [3], the mapping rule of antenna ports to resource requires more flexibility. 

In scenario 4, a common cell ID is assigned to low Tx power and overlay high Tx power transmission nodes.  Only two available scrambling sequences in a cell is not sufficient in the operation of shared cell scenarios where different UEs may end up with exactly the same scrambling code in a cell.  This results in increased interference impact and limitations on the area splitting gains in heterogeneous deployments. Therefore, it is recommended to introduce more scrambling codes for DMRS. 

Proposal9: Signaling changes are needed to support any new DMRS port mapping and scrambling sequence.
3. Conclusion

This contribution discusses the specification impact on CoMP in terms of downlink control signalling. We identified potential DL control signalling changes and the corresponding proposals are summarized as below:
1. Multiple non-zero-power CSI-RS configurations signalling in UE specific manner should be introduced.  The corresponding cell IDs of the measurement set should be signalled to UE. 
2. Different measurement sets and CSI-RS configurations can be allowed for measurements for periodic and aperiodic feedback.
3. Partial zero-power CSI-RS configurations in frequency domain can be considered to allow more flexible interference measurements.
4. Multiple power offset signalling of CSI-RS within a cell can be considered.
5. New transmission mode is desired for supporting CoMP transmission.
6. Different points in measurement set can be configured with different feedback mode and/or feedback period and subframe offset for supporting CoMP flexibly.
7. Dynamic signaling or semi-statically signaling may be required to inform UE the rate-matching information considering collisions or maximum number of PDCCH symbols among all the transmission point. 
8. Multiple codebook restriction sets can be considered to allow more flexible coordination and potentially to reduce feedback overhead.
9. Signaling changes are needed to support any new DMRS port mapping and scrambling sequence.
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