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1. Introduction
After discussion for several meetings, the enhancements for DL and UL CoMP transmission in Rel-11 have mostly been specified. In the RAN1#70 meeting, transmission mode and corresponding DCI for CoMP as well as signaling to indicate PDSCH resource were discussed with the following conclusion:
Agreements: 

· Introduce new TM10 for CoMP

· If any new DCI signaling is needed for CoMP, use a new DCI format based on Format 2C; otherwise use Format 2C

· In TM10, the UE monitors the above DCI format and Format 1A
For further discussion: 

· For all the PRBs of the scheduled PDSCH, signaling provides the UE assumptions for PDSCH mapping and PDSCH detection:

· The PDSCH mapping follows the Rel-8 mapping around the signaled CRS REs instead of the serving cell’s CRS REs

· Signaling uses 2 bits in a DL DCI format that supports DL CoMP:

· Each state corresponds to a higher-layer list of parameters, consisting of:

· a number of CRS ports (0, 1, 2, 4)

· For number of CRS ports > 0, the CRS frequency shift

· FFS for information handled under AI7.7

· FFS whether PDSCH starting symbol can be included in each state or just signaled by higher-layers
After the email discussion following RAN1#69 meeting, some proposals were summarized from the views of companies on aperiodic CSI triggering in case of single CC [1]:

· Proposal 3: The triggering of aperiodic CSI is according to Table 1:
Table 1 the triggering content of aperiodic CSI
	Value of CSI request field
	Description

	’00’
	No aperiodic CSI report is triggered

	‘01’
	Aperiodic CSI report is triggered for a 1st set of 

CSI processes configured by higher-layers

	‘10’
	Aperiodic CSI report is triggered for a 2nd set of 

CSI processes configured by higher-layers

	‘11’
	Aperiodic CSI report is triggered for a 3rd set of 

CSI processes configured by higher-layers


FFS whether the set for “01” should fixed (e.g. to be the CSI process with the lowest index, or all CSI processes). 
· Proposal 5: The payload content of the CSI report in the case of 1 bit CSI request field is CSI for the 1st set of CSI processes (i.e. same as ‘01’ with two-bit trigger). Note: In this case the 1 bit field would only apply in the CSS. 
· Proposal 6: The CSI request field is no larger than 2 bits in Rel-11.
· Proposal 7: Simultaneous usage of the CSI request field for CoMP and Carrier Aggregation is FFS.
In this contribution, we further discuss the DL control signaling to support CoMP and TM10 including aperiodic CSI triggering for CoMP with/without CA.
2. Discussion
2.1. Signaling for PDSCH resource to support DPS/JT
The DL control signaling to support dynamic DPS/JT among multiple cells had been discussed in many contributions [2-4]. From the online and offline discussion in RAN1#70 meeting, it was common understanding that the information of CRS ports, frequency shift and MBSFN subframe should be signaled to UE via RRC signaling associated with few(1~3) bits DCI signaling. The following arguments focus on the indication of NZP/ZP CSI-RS resource and the dynamic signaling design.
According to the agreement on RS quasi-colocation, the assumption of quasi-colocation between CSI-RS ports belonging to a certain NZP CSI-RS resource and DMRS ports should be indicated to UEs. It implies the DL signaling should also include the NZP CSI-RS resource configured for current PDSCH transmission point. Considering the dynamic switching between PDSCH transmission points, it is straightforward that the index of a NZP CSI-RS resource within the measurement set is signaled together with the CRS position of the same transmission cell. Alternatively, one CSI process index associated with its corresponding NZP CSI-RS resource can be signaled for the same application.
In Rel-10, ZP CSI-RS may be configured in the resource where neighboring cells transmit NZP CSI-RS to avoid interference to NZP CSI-RS. In Rel-11, when PDSCH is transmitted from different transmission points, different ZP CSI-RS resources may similarly be configured for corresponding neighboring points. To obtain the interference outside different points, the IMRs which need to be rate-matched may be different with different PDSCH transmission points. These additional resources for rate-matching associated with each point should also be notified to UE and an easy way is to configure them as ZP CSI-RS for rate matching usage. Hence, for PDSCH rate matching, besides CRS position, ZP CSI-RS resource associated with the actual PDSCH transmission point should also be known at UE side. One method can be associating one set of ZP CSI-RS resources with each NZP CSI-RS or CSI process. When a NZP CSI-RS or CSI process is dynamically indicated to UE, the associated ZP CSI-RS resources are assumed for PDSCH rate matching. Alternatively, corresponding ZP CSI-RS can be directly configured via RRC signaling for each point similar to NZP CSI-RS and dynamically indicated to UEs. Considering the discussion of quasi-colocation between NZP CSI-RS and DMRS is not completed for some particular cases, such as JT, independent configuration of NZP CSI-RS and ZP CSI-RS is more reasonable in this case.
From the above analysis, some PDSCH transmission assumptions should be indicated by higher layer and then dynamically selected via DCI signaling according to current PDSCH transmission. Each assumption should at least include the information of CRS position, quasi-colocated NZP CSI-RS resource/CSI process, and associated ZP CSI-RS resources. According to the transmission assumption information indicated by DCI, a UE can acquire the PDSCH resource based on the information of CRS position and associated ZP CSI-RS resources, and may also assume that the PDSCH/DMRS is quasi-colocated with the indicated NZP CSI-RS resource.

Proposal 1: The PDSCH transmission assumptions, each of which at least includes CRS position (antenna ports, frequency shift and MBSFN subframe configuration), quasi-colocated CSI-RS resource index/CSI process index and associated ZP CSI-RS resources, are signaled by higher layer and selected by DCI.

There are different methods to support dynamic indication of the PDSCH transmission assumption, either implicit or explicit signaling. In [4], it was proposed that n_SCID is reused to indicate one assumption from two candidates. The motivation is that different n_SCID will be used with different transmission cells. No additional signaling overhead is needed for implicit signaling. In [3], an explicit signaling of 2 bits in corresponding DCI is recommended for further flexibility and more information.

In Rel-11, n_SCID was agreed to be used to implicitly select between different VCIDs for DMRS for enhanced MU-MIMO or interference randomization. In most scenarios, the DMRS VCID is decided by eNB according to the UE multiplexing case but not the transmission point. As shown in Figure 1, for a cell-edge UE with dynamically selected transmission cell(s), n_SCID is likely to be used for dynamic selection between Cell_ID1 and Cell_ID2. When it is multiplexed with UE2 (e.g. a Rel-10 UE) in Cell 1, Cell_ID1 should be selected for DMRS orthogonality, no matter which cell is the current PDSCH transmission cell. Similarly Cell_ID2 should be used when it is multiplexed with UE3 in Cell 2. Hence, if the n_SCID as well as DMRS VCID is tied to transmission point without considering the multiplexing UE, the scheduling flexibility of DL transmission (e.g. inter-cell MU-MIMO) will be greatly degraded, and the benefits to introduce UE-specific DMRS VCID are almost lost. Note that implicit signaling for UE PDSCH assumption should not be adopted if it degrades the performance or efficiency of previously agreed enhancement.
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Figure.1 Different multiplexing cases for UEs operated with DPS/JT
Furthermore, it was also working assumption that the maximal size of CoMP measurement set is 3. It means that DPS or JT among 3 cells should be supported for a cell-edge UE. In this case, dynamic switching among at least three sets of PDSCH transmission assumption is needed, and the proposal of two sets in [4] is obviously not sufficient. In a word, to support DPS/JT in different CoMP scenarios, two additional DCI bits for that is necessary and justified. An example of the definition of indication field in DCI and corresponding RRC signaling is shown in Table 2 and Table 3. The measurement set is assumed to be 3 cells and four PDSCH transmission assumptions are signaled via RRC signaling. The first three assumptions are the corresponding transmission configurations of the three different cooperative cells, each of which includes the CRS position, configuration of all MBSFN subframes, the index of corresponding NZP CSI-RS and the set of rate-matched ZP CSI-RS resources. The last assumption is used to support JT of multiple cells in full MBSFN subframe. The configuration of MBSFN subframes can be different from the configurations in other assumptions since performance gain is more expected in the subframe there is no any CRS from all actual transmission points. Quasi-colocated NZP CSI-RS indication is temporarily vacant for further discussion after there is final decision on quasi-colocation issue in JT. The ZP CSI-RS configuration, which may include additional IMRs for JT, may also be different from that of the other assumptions. 
Table 2 An example of indication of UE transmission assumption in DL assignment
	UTA Indication Field in DCI format 2C/2D
	Description

	00
	The PDSCH transmission assumption 1 configured by higher layer

	01
	The PDSCH transmission assumption 2 configured by higher layer

	10
	The PDSCH transmission assumption 3 configured by higher layer

	11
	The PDSCH transmission assumption 4 configured by higher layer


Table 3 An example of RRC signaled UE transmission assumptions
	The PDSCH transmission assumption
	CRS ports
	CRS frequency shift
	MBSFN configuration
	NZP CSI-RS index
	ZP CSI-RS configuration

	1
	1
	0
	MBSFN-SubframeConfig 1
	1
	ZP Config.1

	2
	1
	3
	MBSFN-SubframeConfig 2
	2
	ZP Config.2

	3
	2
	1
	MBSFN-SubframeConfig 3
	3
	ZP Config.3

	4
	1
	0
	MBSFN-SubframeConfig 4
	-
	ZP Config.4


Proposal 2: Additional two bits in CoMP DCI format are introduced to indicate the PDSCH transmission assumption of associated PDSCH transmission.
2.2. On transmission mode and DCI format for CoMP

To support DL CoMP, many new features are introduced in Rel-11, such as DL RS enhancement, multiple CSI processes feedback etc. Enhancement to corresponding DCI is also needed for transmission assumption indication as shown in section 2.1. Though new bits are proposed for dynamic signaling, new DCI format seems unnecessary with such tiny enhancement. In Rel-10, though aperiodic SRS triggering is introduced in many DCI formats, no new format is defined for that. Similarly, considering the signaling for PDSCH assumption is also configurable, DCI format 2C can also be reused for TM10 to reduce the specification impact.
For fallback transmission scheme of TM10, format 1A is reused but the definition of transmission assumption is still undecided. In Rel-11, CSI-RS/DMRS plays a more important role in downlink measurement and demodulation. But for fallback transmission, it would be the same in TM1-10 in non-MBSFN subframe for steady performance in some cases (e.g. smooth switching between transmission modes), which requests maintaining CRS based transmission for TM10. 
Proposal 3: Format 2C can be reused for CoMP transmission even with additional bits for PDSCH rate-matching.
Proposal 4: The fallback transmission for TM10 can follow that of TM1-9 to support robust switching among TMs.
2.3. The CSI request field for simultaneous usage of CoMP and CA
There were different views on how to define the content for the triggering state “01” in case of single CC during the email discussion [1]. According to the design of CA in Rel-10, the CSI process with the lowest index, which is likely to be the CSI process of the serving cell, can be triggered by “01” to be the fallback configuration. To support dynamic switching among multiple CoMP transmission schemes, triggering all the CSI processes within a given carrier can also be considered for this state. Considering different motivations may lead to different design contents, it seems more appropriate to make this state configurable by eNB according to the requirement, e.g. single fallback CSI or full CSIs.

Proposal 5: The triggering content as in Table 1 is used for aperiodic CSI triggering in case that single CC is configured.
The aperiodic triggering content for CA+CoMP should also be defined if feedback of multiple CSI processes is simultaneously supported in multiple CCs. One alternative is reusing the definition of CA and triggering a serving cell (carrier) set among multiple RRC configured sets. If one serving cell (carrier) is triggered, all the CSIs associated with CSI processes configured for that serving cell (carrier) should all be reported. Another solution is triggering one CSI process set out of multiple sets similar to single CC case. A mapping between CSI processes configured for a UE and RRC signaled bitmap for each CSI process set can be introduced similar to that of CA. Each CSI process can be mapped to the bitmap in the order of serving cells (carrier) index first and then CSI process index within a carrier. Multiple process sets can be configured via this bitmap, each of which can include CSI processes in different serving cells (carriers). For more scheduling flexibility, this solution is preferred without additional signaling overhead for triggering. 
Two bits can be the baseline for the CSI request field, while additional bits can also be expanded if needed. Similar to Rel-10, in multiple CCs case, one triggering state should be reserved to trigger CSI reports of serving cell (carrier) c. If multiple CSI processes are configured in serving cell (carrier) c, it is FFS either the CSI process with the highest priority or all the processes in the serving cell (carrier) are triggered. The other two states can be used to trigger different CSI process sets signaled by higher layer.  By those states, all possible CSI processes can be included. One may argue there could be server UE complexity issue if no additional bits are introduced. But without limitation of each set size, the complexity of both cases depends on the maximal number of CSI processes for aperiodic feedback. Considering above analysis, it seems no additional triggering bit is needed, which can also simplify the DCI design.
Table 4 An example of triggering aperiodic CSI feedback in case of CA+CoMP

	Value of CSI request field
	Description

	’00’
	No aperiodic CSI report is triggered

	‘01’
	Aperiodic CSI report is triggered for the CSI process(es) in serving cell c

	‘10’
	Aperiodic CSI report is triggered for the 1st set of 

CSI processes configured by higher-layer

	‘11’
	Aperiodic CSI report is triggered for the 2rd set of 

CSI processes configured by higher-layer


Proposal 6: Two bits CSI request field and the triggering content in Table 4 are used for aperiodic CSI triggering in case of CoMP with CA.
3. Conclusions

In this contribution, we provide our views on remaining design of downlink signaling for CoMP transmission. To support CoMP transmission among multiple cells, we propose the detailed signaling design for PDSCH transmission assumption and corresponding transmission mode design. Aperiodic CSI triggering for CA+CoMP was also analyzed. The followings are our proposals:
Proposal 1: The PDSCH transmission assumptions, each of which at least includes CRS position (antenna ports, frequency shift and MBSFN subframe configuration), quasi-colocated CSI-RS resource index/CSI process index and associated ZP CSI-RS resources, are signaled by higher layer and selected by DCI.
Proposal 2: Additional two bits in CoMP DCI format are introduced to indicate the PDSCH transmission assumption of associated PDSCH transmission.
Proposal 3: Format 2C can be reused for CoMP transmission even with additional bits for PDSCH rate-matching.

Proposal 4: The fallback mode for TM10 can follow that of TM1-9 to support robust mode-switching among TMs.

Proposal 5: The triggering content as in Table 1 is used for aperiodic CSI triggering in case that single CC is configured.
Proposal 6: Two bits CSI request field and the triggering content in Table 4 are used for aperiodic CSI triggering in case of CoMP with CA.
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