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1 Introduction 
This contribution discusses the remaining issues relating to downlink CoMP reference signals, specifically including following topics:

· For DMRS
· Default values for x(0) and x(1).

· DMRS sequence initialization with DCI format 1A supporting TM9 in MBSFN subframe.

· PDSCH-DMRS EPRE ratio in CoMP-JT and CoMP-DPS.
· For CSI-RS

· CSI-RS restriction signaling.

· Bandwidth information in configuration of CSI-RS resource.
· Per-resource vs. per-port configuration of Pc and/or X. 
2 Remaining issues on DM-RS
Default values for x(0) and x(1)

In Rel-10, the default configurations of dedicated physical channels are specified in section 9.2.4 of 36.331 to avoid the ambiguity in UE behavior, in case UE does not successively receive the corresponding signaling. To follow the same logic, x(0) and x(1), which depend on RRC configuration, should also have their default values defined in specification. This paper considers two options:

· Option-1: Both x(0) and x(1) have default values equal to PCI (
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), which makes the DMRS sequence initialization the same way as in Rel-10. 
· Option-2: At least one of x(0) and x(1) equal to certain UE-specific parameter, such as UE-ID or C-RNTI. 

Comparing to Option-1, Option-2 leaves the default DMRS initialization being able to guarantee interference randomization in MU-MIMO transmission, no matter whether the paired UEs are served by the same or different TPs, and no matter as well whether the TPs have the same or different cell-IDs. On the other hand, 
· The above advantage of Option-2 requires non-overlapping assignments between UE-ID/C-RNTI value space and cell-ID value space, which is certainly not desired in network deployment and operation.  

· Any of x(0) and x(1) that is set to UE-ID or C-RNTI in Option-2 cannot be used to realize DMRS orthogonality in MU-MIMO, which would introduce certain eNB behaviors different from Rel-10: eNB either needs to lock on one nSCID, whose corresponding x(nSCID) is not set by default to UE-ID or C-RNTI, to implement orthogonal DMRS, or needs to perform additional check-up on the default value of x(i) before scheduling orthogonal pairing of MU-MIMO.

· Option-2 results in more complicated eNB scheduling than Option-1. In Option-2, eNB needs to identify three kinds of UEs when constructing MU-MIMO: Rel-10 UE, Rel-11 UE not receiving RRC configuration of X, and Rel-11 UE already receiving RRC configuration of X; while in Option-1, eNB only needs to take care two types of UEs: UE not receiving RRC configuration of X and UE already receiving RRC configuration of X. 
Given the above analysis, we prefer to Option-1.  
Proposal 1: The default values for x(0) and x(1) in PDSCH DMRS initialization should be defined in specification; both x(0) and x(1) equal to 
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 by default before configured by UE-specific RRC signaling. 
DMRS sequence initialization with DCI format 1A supporting TM9 in MBSFN subframe
According to TS36.213, DCI format 1A can be used to support single port TM9 transmission in MBSFN subframe, where DMRS is the only available demodulation reference signal. In order to avoid the incomplete specification, the DMRS sequence initialization of PDSCH scheduled with DCI format 1A, which does not hold nSCID field, needs to be defined. Given the x(0) and x(1) to support DMRS sequence initialization with DCI format 2B and 2C, following candidates can be considered with DCI format 1A:
· Alt1: there is no dynamic selection, X = x (0) 
· Alt2: there is no dynamic selection, X = PCI
· Alt3: there is no dynamic selection, however, higher layer signaling configures between X=x(0) and X=x(1).

· Alt4: dynamic selection is supported, X = x(L/DVRB assignment flag in DCI-1A).
Because the TM9 transmission with DMRS is always localized, the L/DVRB flag bit in DCI format 1A is spared and can perfectly fit for the support of dynamic selection of DMRS sequence initialization seeds. Therefore, the DMRS transmission and performance would be consistent between MBSFN subframe and non-MBSFN subframe.  
Proposal 2: If UE in TM9 is scheduled for PDSCH transmission with DCI format 1A in MBSFN subframe, UE shall assume the scheduled PDSCH transmission is localized regardless of Localized/Distributed VRB assignment flag in DCI format 1A; meanwhile, the DMRS sequence initialization parameter X=x(Localized/Distributed VRB assignment flag). 
PDSCH-DMRS EPRE ratio in CoMP
The concerned problem is that UE cannot derive the ratio of PDSCH EPRE to DMRS EPRE in OFDM symbols containing CRS, if CoMP JT or DPS is utilized across TPs whose cell-specific parameters PB are different [11]. It was proposed in [11] that dynamic PB signaling is used to configure UE with ρB/ ρA for each cell/TP. This proposal can solve the problem in DPS, but not in JT, due to different receiving DMRS powers from each TP. This is shown by formula below:
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The first term on the right side of above equation is fixed to either 0dB or -3dB, and the second term is cell-specific and configured to UE by high-layer signaling. If the received DMRS powers 
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 is not derivable if 
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 are also different among TPs.  

To solve this problem, following eNB implementation methods can be considered:

· Method 1: To support DPS and JT, 
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for different TPs are set the same. Note that, because CRS is not used for demodulation reference when DMRS is presented in PRB pair, 
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 are not useful in PDSCH demodulation. So the eNB can apply the actual ratio of PDSCH EPRE to CRS EPRE in those PRB pairs slightly different from signalled ratios.

· Method 2: If 
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 are different among TPs, DPS or JT transmission is either QPSK modulated regardless of subframe type, or only high-order modulated when transmitted in MBSFN subframe.
Proposal 3: The issue of non-derivable PDSCH-DMRS EPRE ratio in CoMP JT or DPS can be solved with eNB implementation methods.

3 Remaining issues on CSI-RS
CSI-RS restriction signaling
The inter-TP CSI-RS measurement has the issue if CSI-RS signal is transmitted as configured in some subframes but blocked by PSS/SSS/PBCH/SIB1/Paging in other subframes. If UE does not know such selective blocking, the inter-TP CSI-RS measurement upon non-existing CSI-RS can be corrupted. The previous analysis [8] shows that:

· Such selective blocking related to PSS/SSS/PBCH/SIB1 transmission can be avoided by eNB implementation, without any degradation of CSI-RS measurement performance. 
· The selective blocking related to paging transmission occurs only when paging cycle is larger than CSI-RS cycle and 
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. Therefore, for each given CSI-RS cycle, there is one and only one subframe offset causing potential the selective blocking. In other words, at maximum 5 out of 155 CSI-RS subframeConfig parameters can result in selective blocking of CSI-RS by paging. 
Taking into account the fact that the number of subframeConfig having selective blocking is limited, [8] proposed to apply certain eNB-implementation based solutions, such as applying the same paging configuration (nB) to all cells in the CSI-RS measurement set and CSI-RS RSRP measurement set, or eNB does not configure any CSI-RS transmission, which is for inter-TP measurement purpose, in subframe 9 for FDD and subframe 0 for TDD. 

On the other hand, if CSI-RS restriction signaling should be defined, the simplest signaling content seems to be the paging configuration (nB) for each related cell. However, such simple signaling put an obligation on network side: once paging configuration (nB) is modified in one cell, the system may need to update such modification to many UEs in a much larger area, otherwise the system may need to maintain a record about the nB status per cell in each UE.    
Therefore, we prefer not to define additional CSI-RS restriction signaling, but rely on eNB implementation to avoid the CSI-RS configurations that can result in selective blocking of CSI-RS by PSS/SSS/PCH/SIB1/paging transmission. It should be noted that, the recognition by UE of intra-cell selective blocking of CSI-RS is already a specified UE behavior in LTE Rel-10. This UE-behavior can still be maintained by any of following methods:

· UE applies CSI-RS blocking check-up (as defined in Rel-10) to all configured CSI-RS resources. While it is network’s responsibility to guarantee every inter-cell CSI-RS signal instance that UE measures is not blocked, this method may cause UE to miss certain “good” CSI-RS instances. This is what current specification supports. 
· UE applies CSI-RS blocking check-up (as defined in Rel-10) only to CSI-RS resource whose sequence initialization parameter equals to PCI of serving cell. 
Proposal 4: The CSI-RS restriction signaling for inter-cell CSI-RS measurement is not supported in R11. UE assumes that, unless CSI-RS blocking checkup (see Proposal 5) indicates otherwise, the transmission of configured CSI-RS resource is not blocked by PSS/SSS/PBCH/SIB1/Paging. 
Proposal 5: To maintain Rel-10 UE behavior of CSI-RS blocking checkup, consider following options
· UE applies CSI-RS blocking check-up (as defined in Rel-10) to all configured CSI-RS resources; or
· UE applies CSI-RS blocking check-up (as defined in Rel-10) only to CSI-RS resource whose sequence initialization parameter equals to PCI of the serving cell, upon which the UE monitors PBCH/SIB1/Paging. 
Per-port configuration of Pc & scrambling
Whether per-port CSI-RS configuration needs to be supported greatly depends on conclusion of aggregated CSI feedback. It has been agreed in RAN1 #69 that aggregated CQI feedback across multiple CSI-RS resources is not supported, but CSI feedback across multiple TPs can be supported transparently with some implementation methods, e.g. the CSI-RS ports across multiple TPs are configured into the same CSI-RS resource.
· Per-port configuration of scrambling sequence is not quite necessary because, when generating the CSI-RS resource containing ports from multiple TPs, the network can apply the same CSI-RS sequence initialization parameter on those ports.
· Meanwhile, we do see the necessity of per-port configuration of Pc in the support of coherent JT. Because inter-CSI-RS-resource phase indication feedback is not supported in Rel-11, transparent phase correction based on per-resource feedback is needed to sufficiently support coherent JT[9]. Because the codebook in R8/9/10 is not optimized in case of received power imbalance among ports per CSI-RS resource, independent Pc per port is necessary to provide a way for eNB and UE to have the balanced PDSCH power reference for codebook determination based on unbalanced receiving power on CSI-RS ports.
Proposal 6: Per-port configuration of CSI-RS scrambling is not supported in Rel-11.
Proposal 7: Per-port configuration of Pc is supported. 
Subframe offset in CSI-RS sequence initialization
The reason to include subframe offset into CSI-RS sequence initialization is to handle the situation where different TPs have the subframe boundary timing synchronized but the subframe index misaligned. Such misalignment of subframe is useful to better support eICIC feature with ABS, by avoiding interference from the macro-cell to the pico-cell’s critical common signals such as PSS/SSS/PBCH/SIB/paging. It is obvious that the benefit of such subframe misalignment exists mainly for CoMP scenario3 in FDD, but not other scenarios or TDD. Even in CoMP scenario3 with FDD, the subframe misalignment is not mandatory in support of eICIC; and even if subframe misalignment does occur, one eNB can still generate a CSI-RS signal whose sequence is initialized with subframe index aligning to that of CSI-RS resource to be measured in the same measurement set. 
Proposal 8: The subframe offset information is not included in CSI-RS resource configuration.
Bandwidth information in CSI-RS resource configuration
To allow different cells independently having different bandwidths offers following merits:

· Increased flexibility of CoMP development with network nodes having different bandwidth capabilities.
· Relaxed backhaul link requirements and minimized LPN cost.
· Transmission power of nodes with smaller bandwidth can be reduced, and thus the power assumptions in both eNB and UE become lower.
Although it is not quite possible for Rel-11 to support DL-CoMP transmission across multiple TPs having different bandwidths, we do see some benefit for such deployment scenarios and therefore the standard specification in future release. 
Proposal 9: To provide forward-compatibility, bandwidth information is included in CSI-RS resource configuration.
4 Conclusion
The proposals in this paper are summarized as below.
For DMRS,
Proposal 1: The default values for x(0) and x(1) in PDSCH DMRS initialization should be defined in specification; both x(0) and x(1) equal to 
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 by default before configured by UE-specific RRC signaling. 
Proposal 2: If UE in TM9 is scheduled for PDSCH transmission with DCI format 1A in MBSFN subframe, UE shall assume the scheduled PDSCH transmission is localized regardless of Localized/Distributed VRB assignment flag in DCI format 1A; meanwhile, the DMRS sequence initialization parameter X=x(Localized/Distributed VRB assignment flag).
Proposal 3: The issue of non-derivable PDSCH-DMRS EPRE ratio in CoMP JT or DPS can be solved with eNB implementation methods.
For CSI-RS,
Proposal 4: The CSI-RS restriction signaling for inter-cell CSI-RS measurement is not supported in R11. UE assumes that, unless CSI-RS blocking checkup (see Proposal 5) indicates otherwise, the transmission of configured CSI-RS resource is not blocked by PSS/SSS/PBCH/SIB1/Paging. 

Proposal 5: To maintain Rel-10 UE behavior of CSI-RS blocking checkup, consider following options

· UE applies CSI-RS blocking check-up (as defined in Rel-10) to all configured CSI-RS resources; or
· UE applies CSI-RS blocking check-up (as defined in Rel-10) only to CSI-RS resource whose sequence initialization parameter equals to PCI of the serving cell, upon which the UE monitors PBCH/SIB1/Paging.
Proposal 6: Per-port configuration of CSI-RS scrambling is not supported in Rel-11.
Proposal 7: Per-port configuration of Pc is supported.
Proposal 8: The subframe offset information is not included in CSI-RS resource configuration.
Proposal 9: To provide forward-compatibility, bandwidth information is included in CSI-RS resource configuration.
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