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1 Introduction

In RAN1#69, the PDSCH RE mapping issues in CoMP [1][2] have been discussed and additional downlink control signalling might be needed to solve these issues. The following has been agreed in RAN1#69 meeting [3]:

· Provide signalling to indicate the CRS position of at least onecell 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. 

The alternative schemes comprising of pure semi-static approaches and combination of semi-static and dynamic approaches have been presented in [4]. In RAN1#70, two alternatives with dynamic signalling [5][6] have been discussed, which are summarized as follows.

· Alt-1 [5]: 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 the 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

· Alt-2 [6]: Combination of RRC and DCI signalling is used to indicate the PDSCH RE mapping pattern to the UE.

· If the signalling is transmitted, PDSCH follows the Rel-10 rate-matching around the indicated CRS of a single cell.

· RRC signalling:

· RRC signalling provides the following information:

· Signalling identifies at least the frequency shift
· Number of CRS antenna ports
· MBSFN subframes
· ZP CSI-RS Configuration

· FFS on reusing FeICIC RRC signalling for CRS interference handling
· Configure two sets of PDSCH RE mapping patterns for dynamic switching. e.g.

· DCI signalling:

· nSCID is re-used to dynamically select the PDSCH RE mapping pattern between the two patterns configured by higher layers.
As we can see the main difference between these two alternatives on the dynamic signalling. In Alt-1, 2-bit DL DCI is considered which supports maximum 4 states of PDSCH mapping information, while in Alt-2, 1-bit DCI signalling is employed which reuses the existing DCI entity, nSCID, and supports only 2 states. 

However no agreement on this issue was made during the meeting. In this contribution, we further discuss the candidate approaches and provide some detailed signalling designs.
2 Discussions 
Before discussing the above dynamic signalling alternatives, we first recap the possible semi-static approaches. If dynamic approaches do not provide significant performance gain with additional signal overhead, the semi-static approaches can be a tradeoff solution. For semi-static approach, we consider the PDSCH muting over the CRS collided REs, i.e.,  all the PDSCH REs that collide with the CRS REs from any other TP with the corresponding CSI-RS resource in the CoMP measurement set are muted for data transmission. Since the measurement set is semi-statically configured, the PDSCH mapping with muting can be signalled to the UE semi-statically. Also it has been agreed that the maximum size of CoMP measurement size is 3. Thus, PDSCH muting based on the measurement set will not degrade the spectral efficiency performance much.  

Alternative 1: For CoMP JT or DPS, the network semi-statically informs the CoMP UE the union of the CRS RE patterns for the TPs or CSI-RS resources in the CoMP measurement set of  the UE, which are excluded from the data transmissions in PDSCH to that UE. 

To signal the CoMP UE the union of the CRS RE patterns, we can semi-statically signal the frequency shift, , and number of port of CRS, p, for M TPs in the measurement set, i.e.,  (m, pm), m=1,…,M. The information of MBSFN subframes from each TP in the measurement set can also be signalled to the CoMP UE semi-statically.
To also accommodate the CoMP CS/CB transmissions which the PDSCH mapping is configured according to that for the serving cell, we then use one additional bit along with the signals of the CRS RE patterns to the UE to indicate that the PDSCH RE mapping is according to the serving cell or around all CRS positions in the measurement set, as shown in Table 1. Note that the union of the CRS REs is the union of the existed CRS RE in that subframe.  If the MBSFN subframe configurations are signalled to the CoMP UE, the union of CRS REs do not include the CRS RE pattern for the TP if it is on its MBSFN subframe.
	CoMP PDSCH Mapping Indicator
	CoMP PDSCH RE Mapping

	0
	Align to the serving cell (TP-1)

	1
	RE mapping on a subframe excluding the union of CRS REs of TPs in the measurement set on that subframe.


Table 1. CoMP PDSCH RE mapping indication for alternative 1.
To improve the performance gain over the default approach, we may consider the following semi-static approach.

Alternative 2: For CoMP JT or DPS, the network semi-statically informs a CoMP UE the CRS information for each TP in the CoMP measurement set of that UE, and the PDSCH mapping that the network will follow to serve that UE. 

In this approach, we can first semi-statically signal the UE the frequency shift of the CRS and number of CRS ports for each TP in the measurement set as that in Alternative 1. Again the CRS information is tagged with the TP index. We then signal the UE an indicator for the TP index which the eNB will configure the PDSCH mapping according to. Since there are at most 3 CRS-RS resources in a CoMP measurement set, a two-bit indicator is enough to carry the information. We can also include the option of the PDSCH mapping around of all the CRS REs in a subframe as shown in Table 2. This approach is particularly useful when the cell range expansion is applied to some UEs in the HetNet scenario, in which the network may always configure the macro cell eNB for the DL data transmission. 
	CoMP PDSCH Mapping Indicator
	CoMP PDSCH RE Mapping

	00
	PDSCH mapping align to the serving cell (TP-1 in the measurement set)

	01
	PDSCH mapping align to TP-2 in the measurement set

	10
	PDSCH mapping align to TP-3 in the measurement set

	11
	RE mapping excluding the union of CRS REs in the measurement set in a subframe.


Table 2. CoMP PDSCH RE mapping indication for alternative 2.

Note that instead of the CRS frequency shift and the number of CRS ports, we may signal the UE the list of cell IDs of the TP in the measurement set and the associated number of CRS ports. If the cell IDs in the measurement set are signalled to the CoMP UE, the interference cancellation can be implemented since the UE is able to decode all the CRS signals in its CoMP measurement set. Also note that with the discussions for FeICIC, it has been agreed that the list of the strong CRS interference will be signalled to the UE so that UE may perform the interference cancellation. Since most probably, the TPs other than the serving TP in the measurement set are included in this list, it is then possible to reuse this list for the CoMP PDSCH mapping to reduce the signal overhead. 
The network can also semi-statically inform the UE the PDSCH start point. However for DPS, if there is a mismatch between the PDSCH start points for the TPs in the CoMP measurement set, it will cause spectral efficiency loss. 
Now we discuss the hybrid approaches with dynamic signalling of PDSCH mapping information.
The Alt-2 from last meeting uses a 1-bit to indicate 2 states of PDSCH mapping information which can only accommodate two CRS patterns. As the maximum size of the CoMP measurement set for a UE is 3, 1-bit is not enough to convey the CRS pattern and MBSFN subframe information. Although with a high probability, the size of CoMP measurement set is 2, the cases of CoMP measurement set size being 3 cannot be neglected. Therefore, we prefer the 2-bit dynamic signalling.

We first present the following approach
Alternative 3: For CoMP JT or DPS, the network semi-statically informs a CoMP UE the CRS information and PDSCH start point for each TP in the CoMP measurement set of that UE in some order. The network then informs the UE dynamically the PDSCH start point and CRS pattern that the PDSCH mapping will follow by conveying the indices corresponding to them.

With this approach, the network first semi-statically signals the UE the CRS information for each TP in the measurement set as in Alternative 1 or Alternative 2, as well as the PDSCH starting point for each TP if PDCCH region changes semi-statically.  Then the network dynamically signal the index of the TP that the PDSCH mapping follows possibly including the starting point. Such dynamic signal can be specified in DCI by introducing an additional signal field. The 2-bit dynamic signal is similar to that in Table 2 except that the state for the muting on the union of CRS REs is not necessary. For this approach, the MBSFN subframe configurations are also semi-statically informed to the UE and associated to one TP or one CSI-RS resource. Also, the 2-bit DCI can also indicate the quasi co-location assumption which is along the indicated TP or CSI-RS resource.
	CoMP PDSCH Mapping Indicator
	CoMP PDSCH RE Mapping

	00
	PDSCH mapping align to the serving cell (TP-1 in the measurement set)

	01
	PDSCH mapping align to TP-2 in the measurement set

	10
	PDSCH mapping align to TP-3 in the measurement set

	11
	reserved.


Table 3. CoMP PDSCH RE mapping indication for alternative 3.

Note that the three states (00, 01, 10) in Table 3 can also be applied to the JT with the corresponding indicated TP in non-MBSFN subframe and other TPs in their MBSFN subframe.  We can use the 4th state to represent no CRS (or equivalently CRS antenna port 0) to indicate JT CoMP on MBSFN for all TPs. With this approach, the semi-static signalling of MBSFN subframe configuration may not be necessary because for any transmission on MBSFN, we can use state-11 for such indication. However, one issue for using state-11 to signal the PDSCH mapping on MBSFN subframe without semi-static information of MBSFN configuration is that it does not support quasi-co-location indication with the 2-bit DCI. 
Now the question is that if the MBSFN subframe configuration is semi-statically conveyed, whether state-11 indicating PDSCH mapping assuming no CRS is necessary or not. We think it is still useful. For instance, if JT is scheduled on two or three TPs and all on MBSFN subframe, without state-11, one state of the first three states has to be signalled to the UE, meaning that the UE has to assume the quasi-co-location along some TP. Similarly for frequency selective DPS where the signal may be transmitted along different TPs on the same subframe but on different frequency resources blocks. However, for CoMP JT or frequency selective DPS, it is possible that such partial quasi-co-location indication along one TP may degrade the system performance. Therefore, we propose to use one state, e.g., state-11 in the 2-bit DCI to indicate PDSCH RE mapping assuming no CRS and no quasi-co-location assumption.
Alternative 4: For PDSCH mapping in CoMP, the network semi-statically informs a CoMP UE the attributes including CRS information and possibly quasi-co-location information of each TP in its CoMP measurement set. The network then informs the UE dynamically the CRS pattern and other attributes by conveying an index identifying them or it indicates to the UE that the PDSCH mapping will occupy all the CRS RE positions (assuming no CRS, e.g. MBSFN subframe) and that no quasi-co-location assumption must be made.
The dynamic signal for mapping indicator is then given in Table 4. The PDSCH starting point and other attributes such as CRS information and quasi-co-location, etc., can be semi-statically associated to the entries of the table. 
	CoMP PDSCH Mapping Indicator 
	CoMP PDSCH RE Mapping

	00
	PDSCH mapping align to the serving cell (TP-1 in the measurement set)

	01
	PDSCH mapping align to TP-2 in the measurement set

	10
	PDSCH mapping align to TP-3 in the measurement set

	11 
	PDSCH RE mapping assuming no CRS (e.g. MBSFN) and no quasi-co-location assumption.


Table 4. CoMP PDSCH RE mapping indication for alternative 4.
To semi-statically signal the CRS pattern for each TP in the UE measurement set using the number of CRS ports and its frequency shift (instead of cell ID), the 4-bit indices for CRS patterns are summarized in Table 4. With this setting, the MSB b3 of the CRS pattern index defines if the number of CRS port M = 1 (b3=0) or M>1 (b3=1). If b3=0, the rest three bits (b2b1b0) indicate the frequency shift. If b3=1, the 2nd MSB b2 is used to differentiate M=2 (b2=0) or M=4 (b2=1), then the rest two bits (b1b0) indicate the frequency shift. If the case no CRS (number of CRS port=0) is also needed to be signalled, we can use one of the reserved index, e.g., b3b2b1b0=1111, to convey this information.
	CRS pattern index (b3b2b1b0)
	Number of CRS ports
	Frequency shift of CRS

	0000
	1
	0

	0001
	1
	1

	0010
	1
	2

	0011
	1
	3

	0100
	1
	4

	0101
	1
	5

	0110
	Reserved
	Reserved

	0111
	Reserved
	Reserved

	1000
	2
	0

	1001
	2
	1

	1010
	2
	2

	1011
	Reserved
	Reserved

	1100
	4
	0

	1101
	4
	1

	1110
	4
	2

	1111
	Reserved
	Reserved


Table 4. Index mapping of CRS patterns.
Based on above discussions, for the semi-static approaches, Alternative-2 seems better as one additional bit signal overhead is not critical for the semi-static signalling. Therefore for the semi-static approach, we propose
Proposal 1: For PDSCH mapping in CoMP,  the network semi-statically informs a CoMP UE the CRS information of each TP in its CoMP measurement set, and either an indicator of the PDSCH mapping of the TP from the CoMP measurement set that the network will follow to serve that UE or the PDSCH mapping which excludes the union of the CRS REs of all the TPs in the CoMP measurement set.

 If some dynamic signalling (e.g. 2 bits in DCI) can be introduced to handle PDSCH mapping issues, Alternative-4 is preferable. Therefore, we propose the following for the hybrid approach with dynamic signalling given in Table 4.  

Proposal 2: For PDSCH mapping in CoMP, the network semi-statically informs a CoMP UE the attributes including CRS information and possibly quasi-co-location information of each TP in its CoMP measurement set. The network then informs the UE dynamically the CRS pattern and other attributes by conveying an index identifying them or it indicates to the UE that the PDSCH mapping will occupy all the CRS RE positions (assuming no CRS, e.g. MBSFN subframe) and that no quasi-co-location assumption must be made.
3 Conclusion 
In this contribution, the PDSCH mapping issues for CoMP JT and DPS have been discussed. We consider the following two alternatives (one with semi-static signaling and one with dynamic signaling) for the PDSCH mapping in CoMP:
Proposal 1: For PDSCH mapping in CoMP,  the network semi-statically informs a CoMP UE the CRS information of each TP in its CoMP measurement set, and either an indicator of the PDSCH mapping of the TP from the CoMP measurement set that the network will follow to serve that UE or the PDSCH mapping which excludes the union of the CRS REs of all the TPs in the CoMP measurement set.

Proposal 2: For PDSCH mapping in CoMP, the network semi-statically informs a CoMP UE the attributes including CRS information and possibly quasi-co-location information of each TP in its CoMP measurement set. The network then informs the UE dynamically the CRS pattern and other attributes by conveying an index identifying them or it indicates to the UE that the PDSCH mapping will occupy all the CRS RE positions (assuming no CRS, e.g. MBSFN subframe) and that no quasi-co-location assumption must be made.
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