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[bookmark: OLE_LINK6]In RAN1 #88bis meeting, the following agreements were achieved for non-coherent JT:
· NC-JT is supported using single DCI  
· increasing number of bits for resource allocation and PQI to an existing DCI needs to be justified in terms of DCI coverage and performance
· FFS on multiple DCIs 
· NC-JT is supported at least for TM10 
· FFS on applicability of subset of enhancements on TM9
· UE can be indicated whether to assume that DM-RS antenna ports associated across different CWs received at UE are QCL-ed with each other wrt to all QCL parameters
· NC-JT is supported by the following DCI signalling per each CW
· QCL
· FFS: Add PQI bits or Re-interpret existing PQI bits
· FFS:PDSCH RE mapping
· FFS: Resource allocation
In this contribution, we provide our view on DCI design for non-coherent JT with respect to PDSCH RE mapping and resource allocation etc. 
Discussion
Principle of DCI design 
In the last meeting, it was agreed that non-coherent JT is supported using single DCI at least for TM10. In order to make non-coherent JT a successfully feature and achieve minor specification changes during the very limited time of this WI, the following design principle of DCI design should be considered:
· UE blind detection
In the current specification, for TM10 PDSCH transmission, a UE should blindly detect two kinds of DCI format (i.e., DCI format 1A and 2D). For UEs that support non-coherent JT, no matter whether a new DCI format is introduced or not, the number of DCI blind detection should not be increased to avoid the increase of UE complexity.
· legacy CoMP function supporting
As the legacy CoMP function (e.g., DPS/DPB) is supported well in TM10 with DCI format 2D, it is necessary that the DCI design for non-coherent JT should also support these legacy CoMP function as well.
Proposal 1: The DCI design for non-coherent JT should follow at least the following principles:
· UE blind detection should not be increased
· Non-coherent JT should be supported along with legacy DPS/DPB
According to the above DCI design principle, two DCI design approaches can be considered:
· Approach 1: Enhance the DCI format 2D with its existing payload size
· Approach 2: Enhance the DCI format 2D  by adding more bits
Firstly, both the two approaches are supposed to support legacy DPS/DPB. Then, to support different resource allocation schemes and multiple QCL assumptions for non-coherent JT, resource allocation and PQI fields in DCI format 2D are required to be enhanced. If the above requirements are satisfied by adding more bits in DCI format 2D by using approach 2, the overhead of DCI could be increased. While for approach 1, the payload size of DCI format 2D is not changed and may achieve minor specification changes.  Thus, we suggest Approach 1 is adopted to support non-coherent JT.
Proposal 2: DCI format 2D is enhanced with its existing payload size to supported non-coherent JT.
DCI design
In this section, we provide our detailed design of Approach 1. In approach 1, the payload size of the designed DCI is restricted to be the same with that of the existing DCI format 2D. That is to say, the existing resource allocation and PQI fields should be re-interpreted to support non-coherent JT. Detailed analysis and designs are given as below.
· ‘Resource block assignment’ field
Non-coherent JT has three resource allocation schemes, which are fully overlapped, partially overlapped and non-overlapped, respectively. If this field is not changed, then only fully overlapped can be supported while the other two resource allocation schemes cannot be supported, which will lose the frequency selective gain of resource allocation.  Thus, we propose the following two options that the number of bits for this field remains the same but can be interpreted differently according to different QCL indications to support more RA schemes. 
· Option 1:   Integrated resource allocation



For fully overlapped schemes, the existing resource block assignment field interpretation is enough. While for non-overlapped schemes, one integrated resource block assignment field can be split into two sub-fields with each sub-field corresponding to one coordinated TP. No matter the resource type is 0 or 1 (DCI format 2D supports type 0 and type 1), the RB/RBG represented by each bit of the resource block assignment field can only be used in one of the two sub-fields. For example, as is shown in Figure 1, the sub-field only has access to half of the resources which are even-indexed, while the other sub-field has access to the other half of the resources which are odd-indexed. The half-half pattern can be pre-defined to save extra signalling. In this way, by interpreting the existing resource block assignment field, more than one resource allocation schemes can be interpreted without introducing more signalling bits. More specifically, the total bits in the bitmap of resource block assignment field is , where N is the length of the bitmap. (N is even) is one sub-field which is the available resources for one TP while is the other sub-field which is the available resources for another TP. In this way, non-overlapped scheme can be supported by re- interpretation. 
In addition, in order to support non-overlapped and fully-overlapped resource allocation, an indication is required to pick one so as to determine the allocated resource for each coordinated TP. PQI field for multiple QCL case can be used to indicate whether fully-overlapped or non-overlapped is applied, which is illustrated in Table 1. 
[image: ]
[bookmark: _GoBack]Figure 1 Available resource for each TP

· [bookmark: OLE_LINK3]Option 2:  Independent resource allocation





In this option, the resource allocation can be performed for each TP independently by configuring the resource scheduling unit. For example, the scheduling unit RBG size   can be configured to be  when non-coherent JT is performed. In this way, the total bits of existing resource block assignment filed can be divided into two independent fields: the first field with bits is the resource allocation signalling for TP1 while the rest of bits are the other field for TP2. By such configuration, three of the resource allocation schemes can be supported with the scheduling unit of RBG size of  as follows. 


In addition, in order to support legacy DPS/DPB, the resource block assignment filed interpretation and RBG configuration could be activated according to different PQI status with one or multiple QCL assumptions, which is shown in Table 1.
Proposal 3: The Resource block assignment field in DCI format 2D can be interpreted differently according to different QCL assumptions and the following two options should be considered:
· Option 1: Integrated resource allocation
· Option 2: Independent resource allocation
· ‘PDSCH RE Mapping and Quasi-Co-Location Indicator’ field 
This field includes two functions: PDSCH RE mapping indication and QCL indication for non-coherent JT. 
1. PDSCH RE mapping indication
The PDSCH RE mapping issue should consider both CRS and DMRS RE positions. For CRS,  if the different date layers are transmitted from different TPs (i.e., non-coherent JT case 1), there is no need to perform rate matching around CRS since the existing LTE design where CRS interference is the same with single cell MIMO transmission . While for non-coherent JT case 2(the same data layers are transmitted from different TPs), with rate matching of multiple TP’s CRS RE positions, 24% gain [2] can be obtained compared to no rate matching transmission at SNR=6dB. Therefore, the RRC parameter set with respect to PQI should include two sets of CRS positions so that rate matching around CRS can be performed for non-coherent JT case 2. 
For PDSCH RE mapping issue around DMRS, if DMRS ports used by different TPs are distinguished by CDM approach, then there is no PDSCH RE mapping problem. However, if the DMRS ports are in FDM manner, the problem should be considered. Figure 2 shows the link level throughput performance for this issue. The specific evaluation parameters can be seen in Appendix. Rank is fixed as Rank=2 for each TP. It can be observed from Figure 2 that when SNR = 20dB, about 7.46% gain can be achieved with rate matching around DMRS RE positions. This is because that DMRS is used for channel estimation and demodulation. If the DMRS ports of TP1 are interfered by the data from TP2, the channel estimation and demodulation performance could be degraded. Thus, rate matching around DMRS RE positions should be supported for non-coherent JT. 
[image: ]
Figure 2 Throughput performance of DMRS rate matching for non-coherent JT
2. QCL indication
As for QCL issue, since non-coherent JT should be supported along with  legacy DPS/DPB, both single QCL assumption and multiple QCL assumptions should be supported with the PQI field in the existing DCI format 2D. Thus, we propose that each status of PQI is re-interpreted to satisfy the above requirements as is shown in Table 1. Details of QCL issue for DMRS antenna ports can be referred to as in [1].
Table 1. Re-interpretation of PQI for non-coherent JT and DPS/DPB
	PQI field
	Description

	‘00’
	QCL1: Parameter set 1 configured by higher layers

	‘01’
	QCL2: Parameter set 2 configured by higher layers

	‘10’
	CW1 or DMRS group 1: QCL3: Parameter set 3 configured by higher layers
CW2 or DMRS group 2: QCL4: Parameter set 4 configured by higher layers；
Non-overlap for Option 1 or RA filed Re-Interpretation for option 2；

	‘11’
	CW1 or DMRS group 1: QCL5: Parameter set 5 configured by higher layers
CW2 or DMRS group 2: QCL6: Parameter set 6 configured by higher layers；
Fully-overlap for Option 1 or RA filed Re-Interpretation for option 2；


 
[bookmark: _Ref129681832]Proposal 4: The PQI field should be enhanced to support 
· Rate matching around DMRS RE positions
· Rate matching around CRS positions for non-coherent JT case 2
· Both single and multiple QCL assumptions
· QCL assumption per CW or DMRS group
Conclusions
In this contribution, we present our views on the detailed enhancements for non-coherent JT. The following are our proposals:
[bookmark: _Ref124589665][bookmark: _Ref71620620][bookmark: _Ref124671424]Proposal 1: The DCI design for non-coherent JT should follow at least the following principles:
· UE blind detection should not be increased
· Non-coherent JT should be supported along with legacy DPS/DPB
Proposal 2: DCI format 2D is enhanced with its existing payload size to supported non-coherent JT.
Proposal 3: The Resource block assignment field in DCI format 2D can be interpreted differently according to different QCL assumptions and the following two options should be considered:
· Option 1: Integrated resource allocation
· Option 2: Independent resource allocation
Proposal 4: The PQI field should be enhanced to support 
· Rate matching around DMRS RE positions
· Rate matching around CRS positions for non-coherent JT case 2
· Both single and multiple QCL assumptions
· QCL assumption per CW or DMRS group
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Appendix: 
[bookmark: OLE_LINK2]Link evaluation assumptions
	System Bandwidth
	10MHz (50RBs)

	Channel model
	ETU

	System
	FDD

	TP antenna configuration
	2T for each TP

	UE antenna configuration
	4R

	CRS ports
	2

	TP number
	2

	UE speed
	2.7km/h

	Feedback assumption
	PUSCH 3-1
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