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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. The RRC signaling and DCI signaling to support these enhancements were also discussed [1][2][3]. In the RAN1#69 meeting, some DL signaling was agreed to indicate the CRS information for rate matching of PDSCH as below:
· Provide signalling to indicate the CRS position of at least one cell from which PDSCH transmission may occur

· Signalling identifies at least the frequency shift

· FFS for number of CRS antenna ports

· FFS for MBSFN subframes

· If the signalling is transmitted, PDSCH follows the Rel-10 rate-matching around the indicated CRS of a single cell; otherwise, the UE assumes the CRS positions of the serving cell

· FFS until RAN1#70 whether the signalling can also indicate up to 3 cells around whose combined CRS patterns the PDSCH is rate-matched. 
In this contribution, we further detail the signaling design to support DPS and JT among multiple cells. We also analyze the transmission mode design for CoMP and the signaling to support CA and CoMP simultaneously.
2. Discussion
2.1. Signaling for CRS position of transmission cell
The DL control signaling to support dynamic DPS/JT among multiple cells had been discussed in [3] and many other contributions. Though signaling for frequency shift was agreed in the RAN1#69 meeting, it is not sufficient since the number of CRS antenna ports and the configuration of MBSFN subframe may also differ among cooperative cells. Typically, the Pico cell usually has CRS ports not more than those of Macro cell in scenario 3. Also, whether MBSFN subframe is configured in one or multiple cells or not in the transmission instance will lead to different rate matching REs. Hence, besides frequency shift, DL signaling should also be introduced for indication of CRS ports and MBSFN subframe. The detail will be discussed below.
As proposed in [3], combination of RRC signaling and DCI signaling can be a sufficient method for indication of CRS configuration. Considering the maximal size of measurement set is only 3, the CRS position of at most 3 cooperative cells, including CRS ports and frequency shift can be signaled by RRC. The information for CRS ports and frequency shift can be either jointly encoded or independently encoded. Then the index of current transmission cell(s), which schedules PDSCH transmission in a non-MBSFN subframe, can be indicated via DL assignment. The configuration of MBSFN subframe can also be dynamically indicated as one state in the DCI signaling. Two examples of 2 bits dynamic indication is shown below.

Table.1 An example of CRS position indication in DL assignment with 3 CoMP measurement TPs
	CRS Indication Field in DCI format 2C
	Description

	00
	The CRS position configuration 1 configured by higher layer

	01
	The CRS position configuration 2 configured by higher layer

	10
	The CRS position configuration 3 configured by higher layer

	11
	No rate matching for CRS position


Table.2 An example of CRS position indication in DL assignment with 2 CoMP measurement TPs
	CRS Indication Field in DCI format 2C
	Description

	00
	The CRS position configuration 1 configured by higher layer

	01
	The CRS position configuration 2 configured by higher layer

	10
	The CRS position configuration {1,2} configured by higher layer

	11
	No rate matching for CRS position


As shown in the tables, two bits can be introduced for CRS position indication in DCI format for CoMP so-called CRS Indication Field. This field is configurable by RRC signaling according to whether JP is used.  If the size of measurement set is 3, 2 bits can indicate the CRS position of one and none of the three TPs (Table 1). In case that the size of measurement set is 2, 2 bits space can indicate the CRS position of one and none of the two TPs and also combination of both TPs (Table 2). However, whether it is beneficial to support indication of CRS positions of more than one cell, especially in case that the size of measurement set is 3, needs further study. It may not be necessary if it is used to support simultaneous rate-matching of CRS from multiple cells for JT. One reason is that the performance loss due to a mass of unavailable REs may greatly degrade the CoMP gain. From another aspect, JT can still be supported as long as MBSFN subframe is configured for one or multiple transmission cells. For example, if UE receives date from two cells in one subframe, for one it is MBSFN subframe and for the other it is non-MBSFN subframe. Only the CRS position of the latter cell needs to be indicated to UE for PDSCH rate-matching. Also, the Rel-10 rate-matching can be fully reused for this type of transmission.
Proposal 1: RRC signaling to indicate the CRS frequency shift and the number of CRS ports of possible transmission cells should be supported.

Proposal 2: Dynamic signaling is supported for indication of MBSFN subframe state and configuration index of CRS position for rate matching in each subframe.
2.2. On transmission mode for CoMP

To support DL CoMP, many new features are introduced in Rel-11, such as DL RS enhancement, multiple CSIs feedback etc. Some enhancement to corresponding DCI format is also needed for CRS position indication as mentioned in section 2.1. Though some expansion to DCI signaling is needed, the DCI format 2C can still be reused (similar to extension of format 0 in Rel-10) as long as the expansion is configurable at network side. Also, the transmission scheme, i.e. CoMP transmission or single cell transmission, is decided by eNB and can be transparent to UE via using DMRS.

For CSI feedback mode for CoMP, whether CoMP feedback is based on NZP CSI-RS+IMR can also be configured by higher layer. For no PMI based transmission, the CRS based CQI feedback should also be enhanced to CSI-RS based feedback by higher layer configuration [5]. 
From above perspective, the necessity to introduce new TM10 is not so strong. Instead, reusing TM9 could be further studied for its feasibility. Thus far, a potential problem of reusing TM9 is the fallback to CRS based transmission (format 1A), which may lead to inaccurate channel estimation for detection in scenario 4. But as a non-persistent fallback mode, this problem can be solved by lowering MCS and the impact would be tiny. Hence, the transmission modes and DCI formats in Rel-10 can be reused if not significant benefits can be derived from new transmission mode. 
Proposal 3: Transmission mode 9 can be reused for CoMP transmission as long as configuration conversion is feasible and clear.
2.3. Signaling for CA+CoMP in Rel-11
CA and CoMP are two important features both of which can provide better transmission performance for UEs. Whether CoMP should be supported together with CA is being discussed in RAN1. The specification effort is an importance aspect during discussion. In this section, we analyze the required downlink signaling to support CoMP in case of CA.
· If CoMP is supported in multiple CCs, the CRS Indication Field should be allowed to coexist with CIF. It means the independent configuration of CRS Indication Field and CIF is necessary.
· The CoMP measurement set and IMRs should be per-CC configured. The CSI processes for feedback should be configured for each CC supporting CoMP, or at least include the CC information.

· For periodic feedback, the feedback priority should be further extended to support CSI reports from different CCs and different CSI processes. For example, if the reporting type with the same priority from different CCs is collided, should the reporting type be ordered according to the CC index or the process index? If the CC index is reused similar to CA in Rel-10, the CSI of the CC with lower index may be always unable to be reported. Hence, some tradeoff on the priority of CSI process and CC should be considered. For example, the CSI process index 0 in each CC has the higher priority than other processes, and other processes are ordered according to CC index.
· For aperiodic feedback, the content of aperiodic triggering should be further extended to support CSI feedback based on CSI processes in multiple CC. One alternative is reusing the triggering content of CA and triggering serving cell set. If one serving cell is triggered, all the CSI processes configured for that cell should all be reported in order. Another solution can be introducing a similar CIF field for each CSI process, and CSI process set can include CSI processes from different serving cells. From the view of signaling design, the former is simpler but may result in great increase in feedback payload. Further discussion is needed for this issue.
From the above analysis, it can be found that some further signaling designs are needed to support CA+CoMP. The final decision should be further made also considering other issues, such as feedback overhead, scheduling complexity and UE processing capability. Considering the deadline of Rel-11, it is not recommended to support CoMP transmission for multiple CCs in a hurry.
Proposal 4: Detailed design of signaling to support CA+CoMP can be further studied in future.
3. Conclusions

In this contribution, we provide our views on design of downlink signaling for CoMP transmission. To support DPS and JT among multiple cells, we propose the detailed signaling design for PDSCH rate matching. The necessity to introduce new transmission mode or the signaling to support CA+CoMP is also analyzed.
Proposal 1: RRC signaling to indicate the CRS frequency shifting and the number of CRS ports of possible transmission cells should be supported.

Proposal 2: Dynamic signaling is supported for indication of MBSFN subframe state and configuration index of CRS position for rate matching in each subframe.
Proposal 3: Transmission mode 9 can be reused for CoMP transmission as long as configuration conversion is feasible and clear. 
Proposal 4: Detailed design of signaling to support CA+CoMP can be further studied in future.
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