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1. Introduction
CoMP for Heterogeneous deployment were classified into two scenarios, multiple cell-id approach (scenario 3) and a shared cell-id approach (scenario 4). CoMP scenario 4 was extensively discussed during RAN1 #63bis and #64[1-5]. This contribution gives our further considerations on the possible issues for this scenario.
2. Discussion
Fig.1 shows an example deployment layout of CoMP scenario 4, where a heterogeneous network with a macro point and a couple of RRHs located in the same cell. The RRH has a lower transmit power compared with macro point and covers a smaller area. The connection between RRHs and macro point is assumed to be fibre optics. Scheduling is done in the central based station and could be spread to each RRH without considering the delay.
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Fig.1 CoMP Scenario 4
2.1. Cell splitting
One issue is whether PDCCH and CRS are only transmitted from macro point or transmitted from macro point and each RRH simultaneously. If only from macro point like in homogeneous network, CRS/PDCCH, even PDSCH based on CRS, could not obtain performance improvement. It is also predicted that resources allocated for PDSCH based on CRS are hardly reused by other transmission points. However if CRS and PDCCH are transmitted from all points, Rel.11 UEs and the legacy UEs could obtain different kind of gains, 
· Rel.8/9 UEs cannot be benefit from the cell splitting for both PDCCH and PDSCH. PDCCH/PDSCH could be soft combined to improve the coverage and control channel capacity.
· Rel.10 UEs configured with transmit mode 9 could achieve the splitting gain and CoMP for PDSCH by using UE specific CSI-RS and DM-RS. PDCCH however, could not obtain the splitting gain but can be soft combined to improve the coverage and control channel capacity.
· Rel.11 UEs configured with transit mode 9 could obtain the splitting gain and CoMP for PDSCH by using UE specific CSI-RS and DM-RS. PDCCH could also obtain this kind of gain if UE-specific control channel based on UE specific reference symbol is agreed.
It should be noted that Rel.10/11 UEs could have the split gain only using transmission mode 9. Resources allocated for UEs with other transmission mode, such as transmit diversity and OL-MIMO, could not be reused by other transmission points even this UE is a Rel.10/11 UE. That is to say, the resource blocks available for reusing and CoMP in scenario 4 is the total number of RBs of the whole bandwidth minus the RBs allocated for UEs that configured with CRS based transmission mode. Based on the observation, we have the following proposal,

Proposal1: To achieve more splitting gain and flexibility of resource allocation, schemes of reusing resources for Rel.11 UEs configured with TMs other than TM 9 in other transmission points are preferred. 
2.2. PDCCH/PHICH capacity 
With introducing the cell split gains for Rel.10/11 UEs, the number of users accessing into the cell are expected to be increased. The capacity of PDCCH may be limited even with improved performance by soft combined PDCCHs from multiple transmission points. To enhance PDCCH capacity, it is preferred to introduce UE specific control signaling in PDSCH region based on DM-RS for Rel.11 UEs. To reduce the standard effort, the design principles of non-interleaved R-PDCCH are preferred to be reused as much as possible. Further studies are needed to exploit the differences between R-PDCCH and UE-specific PDCCH for CoMP scenario 4.
Proposal 2: The design principles of non-interleaved R-PDCCH are preferred to be reused as much as possible for CoMP scenario 4.
Besides PDCCH, PHICH may also have the capacity issue. PHICH for different UEs are separated by lowest PRB index of the scheduled PUSCH and the related DM-RS cyclic shifts. One factor contributing the limited PHICH capacity is that the UEs in scenario 4 could easily obtain uplink splitting gain since PUSCHs are DM-RS based. The other factor is for UL SPS data transmission, where DM-RS cyclic shift is set to 0. If multiple UEs configured with UL SPS type of traffic located in different RRHs, PHICH collision occurs if two or more PUSCH start from the same PRB index. Similar discussion was happened for PHICH collision for carrier aggregation with cross carrier scheduling for UL data transmission [6-7], where some companies showed that if UL SPS traffic is allowed to be scheduled in both PCC and SCC, PHICH collision occurs. 

One simple simulation was conducted, where a 10MHz FDD system is considered. Normal CP is assumed. 5/8/10 UEs with UL SPS type of traffic is within each transmission point area. The starting PRB indices of the each UE are randomly chosen. The collision probability is shown in Table.1. It can be seen from the simulation result that PHICH collision happens if there is no scheduling restriction for the starting PRBs for each SPS UE.
Table 1 PHICH collision probability

	Number of TPs
	Number of SPS UEs

	
	5
	8
	10

	2
	0.1044
	0.1614
	0.2002

	3
	0.1974
	0.3247
	0.4032

	4
	0.2922
	0.4295
	0.6062


If the PHICH capacity is an issue needed to be resolved, it is natural to extend PHICH into the data region. Schemes such as where to allocate the PHICH in the data region and how to actually transmit the PHICH may have to be designed. Further details are FFS.
Proposal 3: Schemes should be designed for PHICH transmitted in data region if necessary.

3. Conclusions
In this contribution, some issues for CoMP scenario 4 are briefly discussed. We provide the following proposals based on the analysis.
Proposal1: To achieve more splitting gain and flexibility of resource allocation, schemes of reusing resources for Rel.11 UEs configured with TMs other than TM 9 in other transmission points are preferred.  
Proposal 2: The design principles of non-interleaved R-PDCCH are preferred to be reused as much as possible for CoMP scenario 4.

Proposal 3: Schemes should be designed for PHICH transmitted in data region if necessary.
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