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Introduction
In the RAN#75 meeting, the WI on further enhancements to coordinated multiple-point (CoMP) operation for LTE was approved [1]. Based on the previous summary in the SI, the following objectives are considered: 

· Specify enhancements to support non-coherent joint transmission (JT) schemes 
· Support of a new QCL assumption for DM-RS antenna ports
· Support of control signalling enhancements to assist QCL, PDSCH REs mapping and resource allocation
· Support possible CSI feedback enhancement

In this contribution, details of enhancements related to control signalling in the aspects of resource allocation and PDSCH RE mapping are discussed. 
[bookmark: OLE_LINK1][bookmark: OLE_LINK2]Discussion on potential enhancements to control signaling
As shown in Figure 1, the typical scheme of non-coherent joint transmission between two TPs is conducted. In this case, TP1 transmits codeword 1 to the UE with precoding matrix W1, whereas TP2 transmits codeword 2 to the UE with precoding matrix W2 simultaneously. Since the different RS ports will be adopted per TP, the indication of the QCL and RE mapping should be enhanced adaptively.  QCL assumption for DMRS antenna ports and the associated control signalling enhancements are discussed in our companion contribution [4].
Meanwhile, in order to increase the flexibility of the scheduling and harvest the channel gain (e.g., gain from frequency selective channel), resource allocation per CW can be considered. In TR 36.741[2], the following three resource allocation (RA) schemes are considered based on overlapping of allocated resources from different TPs:
Scheme 1: Fully overlapping scheme
·  in this scheme the resource allocations from different TPs for a UE are fully overlapped
 Scheme 2: Partial overlapping scheme
·  in this scheme the resource allocations from different TPs for a UE are partially overlapped
 Scheme 3: Non-overlapping scheme
·  in this scheme the resource  allocations from different TPs for a UE are not overlapped

According to the characteristics of each scheme, it is obvious that scheme 1 is more suitable for the usage case for NCJT for spatial multiplexing (typical 4Rx UE scenarios due to high efficiency of resource utilization. Its performance degradation due to the existing inter-TP interference among TPs can be alleviated after introducing the enhancements on the on CSI feedback [3] and using advanced receiver like SIC. 
In the contrast, the inter-TP interference can be totally neglected in scheme 3.  Although it does not provide spatial multiplexing gain, it provides gain by frequency selective point selection. Moreover, resource allocation between two TPs can be done either dynamically or semi-statically. 
For scheme 2, the least coordination between TPs is required. However, considering complexity of high standardization effort (e.g., CSI-RS configuration and MCS assignment) due to the various interference in different frequency resources within one codeword, this kind of RA should be deprioritized. 


Figure 1 Illustration of NCJT
Proposal 1: Fully overlapping scheme and non-overlapping schemes are supported for the resource allocation schemes.
[bookmark: _Toc475958150]Enhancements to resource allocation 
As concluded in TR36.741 [2], the following two approaches are listed for the enhancements to RA:
· Approach 1: Single DCI approach - Support of resource allocation per codeword basis in one DCI.
· Approach 2: Multiple DCI approach - Support of multiple DCIs for resource allocation from multiple TPs   
Based on analysis of these two methods, the second one has the significant flexibility. In this case, different resource allocation scheme for each TP will be independently indicated via the associated DCIs and it also could be easily extended when the coordinate set is enlarged.  However, the major issue of this approach is high complexity on requiring UEs to detect at least two DCIs in the same carrier.  The current UEs don’t have such capability.  In addition, control channel overhead will be largely increased with multiple DCI approach.  The use cases of 2DCIs don’t seem to justify the additional complexity and overhead.  Single DCI with simple enhancement should be considered instead.
Proposal 2: Limit to single DCI approach to support NJCT.
Given that overlapping case can reuse the current signalling for resource allocation, the major consideration for enhancement is for non-overlapping case.  The RA signalling should be extended to support allocation of two CWs in different VRB as shown in Figure 2 (i.e. per CW RA).   The simple consideration is to allocate double RA signalling overhead.  However, if we don’t need to support partial overlapping case, using double RA overhead is wasteful. DCI signalling overhead can be reduced by joint indication.


[bookmark: _Ref478058044]Figure 2 Illustration of non-overlapping case

Enhancements to PQI 
As summarized in TR36.741 [2], enhancements to the PQI are generally classified into the following categories:
· Support multiple CRS resources for PDSCH RE mapping in each PQI status.
· Support multiple CSI-RS resources for QCL purpose in each PQI status. 
· Introduce more PQI bits to support more combinations of PQI parameters.  
However, after comparison the above methods, the larger PQI overhead is observed from the third proposal, which will also be enlarged along with the increasing number of TPs in the coordinate set.  Consequently, the solutions that are belong to the first and second types of enhancements are preferred as the example shown in Table 1. In this case, two CWs are transmitted from TPs in different cells, multiple CRS and CSI-RS resources are included in each PQI status per CW, and the QCL assumption among RSs could be easily associated when the DM-RS ports is also indicated per CW basis [4]. With enhancement on RA, it is clear each CW is corresponding to which allocated frequency resources.  Therefore, which set of PQI parameters is used also clear.
Additionally, considering the compatibility with single TP transmission scheme, e.g., DPB/DPS, CS/CB, two approaches can be adopted for the parameters configuration:
1. The same parameter value is configured for both CWs within one parameter set in case of single TP transmission;
2. Different parameter value is configured for each CW if it is DPS or NCJT. 
[bookmark: _Ref477859862]Table 1 An example of PQI parameters set
	PQI Parameters
	CRS
	pdsch-Start
	mbsfn
	NZP CSI-RS
	ZP CSI-RS

	Parameters set 1
	CW1
	pattern 1
	Position 1
	config1
	index 1
	config 1

	
	CW2
	pattern 2
	Position 2
	config2
	index 2
	config 2

	Parameters set 2
	CW1
	pattern 3
	Position 3
	config3
	index 3
	config 3

	
	CW2
	pattern 4
	Position 4
	config4
	index 4
	config 4

	Parameters set 3
	CW1
	pattern 5
	Position 5
	config5
	index 5
	config 5

	
	CW2
	pattern 6
	Position 6
	config6
	index 6
	config 6

	Parameters set 4
	CW1
	pattern 7
	Position 7
	config7
	index 7
	config 7

	
	CW2
	pattern 8
	Position 8
	config8
	index 8
	config 8



Proposal 3:  Support two sets of PDSCH RE mapping parameters with per-CW configuration in each PQI status
Conclusion 
In this contribution, potential enhancements to control signalling are discussed with corresponding changes on the current specification. The proposals are summarized as follows:

Proposal 1: Fully overlapping scheme and non-overlapping schemes are supported for the resource allocation schemes.
Proposal  2: Limit to single DCI approach to support NJCT.
Proposal 3:  Support two sets of PDSCH RE mapping parameters with per-CW configuration in each PQI status
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