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1	Introduction
In the feCoMP WI in Rel.14, one component is scope is non-coherent joint transmission (NCJT), where multiple TPs non-coherently transmit to the same UE. This is especially helpful when the UE is at the boundary of TPs, where it can be served by multiple TPs at the same time to improve the user experience. NCJT, compared with Rel.12 coherent joint transmission, has the benefit of lower requirement on the backhaul speed, as independent data streams will be transmitted from different TPs.
In this paper, we will propose two different flavors for NCJT design. Both these two flavors have low implementation complexity and low standardization effort in mind. 
-	Single user MIMO based NCJT design
-	Carrier aggregation base NCJT design
For each of the designs, we will cover:
-	Joint transmission mode.
-	DCI design.
-	CSI support.
-	PDSCH and DMRS design
Comparing the two designs listed above, the carrier aggregation based NCJT approach it not in the sense of traditional CoMP, and may fall out of the scope of the WID. We include it here mainly for completeness.
[bookmark: xx]Proposal 1. Consider generalizing single user MIMO design as the main direction of NCJT for feCoMP.
2	Single User MIMO Based NCJT
One issue limiting the deployment of CoMP feature is the complexity. To make sure the non-coherent joint transmission in feCoMP is a successful feature, the design should have the complexity in mind. 
One approach to have a low complexity design is to reuse, as much as possible, the PDSCH structure of legacy single user MIMO. In other words, when a UE is being served in NCJT mode, the reception is not very different from receiving from a single eNB. The following design elaborates this basic principle.
On the UE side, we would like to restrict to support up to 2 codewords for NCJT, to reuse the existing UE capability. This 2-codeword restriction implies that we can support 2 TPs in NCJT with one codeword transmitted from each TP. However, for better flexibility, transmission from one of the two TPs only should be supported as well, in which case, up to two codewords from the only TP is supported.
[bookmark: a]Proposal 2.  Under NCJT, support joint transmission from two TPs with one codeword from each TP, and support transmission from only one of the two TPs with up to two codewords.
When two separate data streams are served from the two TPs, the two TPs only need to coordinate on the scheduling activity, but do not need to jointly perform encoding, and precoding. For the RB allocation from each the two TPs, there are two options:
· Option 1: The RB allocations from the two TPs are completely aligned.
· Option 2: The RB allocations form the two TPs can be different.
Comparing the two options, option 2 obviously have more flexibility in scheduling the UEs. However, in option 2, the RBs shared between the two TPs and the RBs not shared typically have different capacity due to different cross TP interference. As a result, the MCS selection might be tricky, and the performance gain from more flexible resource allocation might be greatly compromised. In addition to that, option 2 may need two separate DCIs, one for each TP, for each NCJT grant, while option 1 only needs one DCI. As a control overhead and performance gain trade off, we propose to use option 1.
[bookmark: b]Proposal 3.  When both TPs participate in the joint transmission, the RB allocations from the two TPs are the same. A single DCI is used to grant the PDSCH from both TPs. The same DCI format also handles the case only one of the TPs is serving.
Since we restrict the total number of codewords in NCJT to be two, most of the structure of TM10 DCI format 2D can be reused (such as HARQ fields, per codeword MCS and NDI, etc), with the exception of the following:
· PQI field needs to be redefined to handle two TPs
· The field on “Antenna port(s), scrambling identity and number of layers” may need to be relaxed to allow more rank combinations between the two TPs
In legacy CoMP, 2-bit PQI field is used to choose one of the 4 sets of parameters configured by higher layers. However, under NCJT, the two TPs may have different parameters. It is preferable to define the PQI field to support more parameter set combinations from the two TPs. 
For the PQI field design, we can either define a longer PQI field to jointly encoding the parameter sets of TP1 and TP2, or we can have two 2-bit PQI fields, each separately specifying the parameter set of one of the two TPs. The definition of the PQI field also can indicate if only one TP is participating in the NCJT. A 4-bit joint PQI design is demonstrated in Table 1. A two 2-bit PQI design in demonstrated in Table 2;
[bookmark: _Ref457981705]Table 1. Example 4-bit Joint PQI Field Design
	PQI value
	Description

	‘0000’-‘0011’
	Parameter sets 1 to 4 configured by higher layers, with TP1 transmitting only

	‘0100’-‘0111’
	Parameter sets 5 to 8 configured by higher layers, with TP2 transmitting only

	‘1000’-‘1111’
	Parameter sets 9 to 16 configured by higher layers, with both TPs transmitting



[bookmark: _Ref457983502]Table 2. Example Two 2-bit PQI Field Design
	PQI1 value
	PQI2 value
	Description

	‘00’
	
	TP1 not participating in NCJT

	‘01’-‘11’
	
	Parameter sets 1 to 3 for TP1 configured by higher layers

	
	‘00’
	TP2 not participating in NCJT

	
	‘01’-‘11’
	Parameter sets 1 to 3 for TP2 configured by higher layers

	‘00’
	‘00’
	Reserved



[bookmark: c]Proposal 4.  The DCI format 2D PQI format is enhanced to allow more parameter set combinations from the two TPs, either a longer PQI jointly encoded, or two separate PQI field, one for each TP.
In legacy SU-MIMO case, the rank combination of the two codewords is deterministic given the total rank (RI). If the total rank is even, each codeword gets half of the total rank. If the total rank is odd, the codeword 2 rank is 1 larger than the codeword 1 rank. For NCJT with two TPs, we may want to have higher flexibility for ranks. The following options can be considered:
-	Option 1: Follow the legacy design with TP1 transmits codeword 1 and TP2 transmits codeword 2
-	Option 2: Slightly improve from the legacy design and also allow TP1 rank to be 1 higher than TP2
-	Option 3: Flexible design to allow ranks for TP1 and TP2 to be specified separately in DCI
The supported rank combinations of TP1 and TP2 are summarized in Table 3, assuming each TP has 4 CRS ports.
[bookmark: _Ref457983458]Table 3. Supported Rank Combinations of TP1 and TP2 under Different Options
	Options
	(TP1 rank, TP2 rank)
	Notes

	1
	(1,1), (1,2), (2,2), (2,3), (3,3), (3,4), (4,4)
	Totally 7 combinations

	2
	(1,1), (1,2), (2,1), (2,2), (2,3), (3,2), (3,3), (3,4), (4,3), (4,4)
	Totally 10 combinations

	3
	(1,1), (1,2), (1,3), (1,4), (2,1), (2,2), (2,3), (2,4), (3,1), (3,2), (3,3), (3,4), (4,1), (4,2), (4,3), (4,4)
	Totally 16 combinations



Comparing the 3 options, option 1 is the most restrictive, but no antenna ports, scrambling identity and number of layers field (Table 5.3.3.1.5C-1 and Table 5.3.3.1.5C-2 in [1]) change is needed in DCI format 2C and 2D. For option 2, we have more flexibility and potentially higher performance gain. To support this option while avoid re-defining the antenna ports, scrambling identify and number of layers field, we can introduce a bit in the DCI to flip the role of TP1 and TP2 as shown in Table 4. Option 3 has the best flexibility and potential has larger gain. The cost to pay is to we need to define a new antenna ports, scrambling identity, and number of layers field in DCI.
Compare the three options, the option 2 is a preferable compromise.
[bookmark: _Ref458414318]Table 4. Codeword Swap Indicator for NCJT
	CW Swap
	TP1
	TP2

	0
	CW1
	CW2

	1
	CW2
	CW1



[bookmark: d]Proposal 5.  When both TPs participate in the NCJT, the allowed rank combinations for the codewords from two TPs need further study.  
Proper CSI support is critical in achieving the performance gain from NCJT. The CSI reporting for NCJT needs to support joint transmission from the two TPs, together with single TP only transmission. Therefore a natural design is to have three CSI processes:
-	CSI process 1: CSI assuming TP1 is serving alone.
-	CSI process 2: CSI assuming TP2 is serving alone.
-	CSI process 3: CSI assuming TP1 and TP2 are jointly serving.
Note that the CSI process 3 needs to provide the PMI/RI/CQI for both TPs for NCJT. It may include two separate CSIs targeting the two TPs, though the content of the two CSIs needs to be treated together.
[bookmark: e]Proposal 6.  Use a multiple CSI processes design to report CSIs conditioned on both TPs serving or single TP serving. 
For PDSCH of NCJT, we need to decide on using CRS and/or DMRS, how to do rate matching considering two TPs may have different CRS/CSI-RS locations, how to define EPRE, etc. 
For NCJT, the two TPs might be of similar strength. To use CRS based PDSCH, the UE needs to maintain the channel estimation for CRS, which may not be reliable as the two TPs’ CRS are not orthogonalized. Therefore, we propose to focus on DMRS based PDSCH. When DMRS is transmitted, if TP1 gets  ports and TP2 gets  ports, the total rank of the transmission is . The UE can figure out the , , and  information from the DCI. For DMRS, the TP1 will transmit on the first  antenna ports, and the TP2 will transmit on the next  antenna ports. For example, if TP1 is rank 3 and TP2 is rank 2, TP1 will transmit over antenna ports 7, 8, and 11 while TP2 will transmit over antenna port 9 and 10. Using CDM2 or CDM4 for DMRS needs to be RRC configured.
When the CRS and CSI-RS of the two TPs are not aligned, the PDSCH layer transmitted from one TP can potentially overlap with the CRS and CSI-RS of the other TP. This may create some extra complexity in UE processing, as some REs are not data overlapping withdata, but rather data overlapped with RS, which needs to be processed differently from other REs. A simple solution is to let PDSCH rate match around the CRS and CSI-RS of both TPs. A side benefit is the CRS and CSI-RS is better protected in each TP with lower interference.
For EPRE of each codeword of the joint transmission PDSCH, there are twooptions as well:
-	Option 1: Use single value for P_A and P_B, either signalled separately when configure NCJT, or using TP1 value. This value is used no matter the UE is served by both TP1 and TP2 or by only one of them.
-	Option 2: Use separate values for P_A and P_B. The PDSCH from TP1 follows TP1 P_A and P_B and the PDSCH from TP2 follows TP2 P_A and P_B.
Compare the two options, the option 1 seems to be simpler.
[bookmark: f]Proposal 7.  For NCJT PDSCH, focus on DMRS based transmission mode, with first  antenna ports used. The PDSCH rate matches around the CRS and CSI-RS of both TPs. The EPRE needs to be defined, and preferably a single value is used.
3	Carrier Aggregation Based NCJT 
An alternative flavour of the NCJT design is based on reusing the carrier aggregation support of UE. 
The basic idea of the CA based NCJT is to treat the link to each TP as a CC, though they happen to be at the same frequency. From the UE receiver perspective, the TPs participating in the NCJT can be treated independently, though it is possible to use the same RX chain to receive both CCs. The most straightforward approach is when processing one CC (TP), the other CC (TP) is treated as interference. Of course, if the RB allocation overlaps, it is possible to jointly process to achieve some better performance. From the eNB perspective, each TP will transmit an independent (legacy) PDSCH. The scheduling decision (including TM, rank, precoding, RB allocation etc) can be independent, which requires minimum cross TP coordination.
For CSI report, since PDSCHs from different TPs are received separately in general, legacy CSI process per TP might be good enough. For the special case when the PDSCHs from different TPs happen to align, addition CSI processes might be helpful to have more accurate CQI report.
[bookmark: g]Proposal 8. Consider Carrier Aggregation based NCJT, where each TP is treated as a CC.
[bookmark: h]Observation 1. The CA based NCJT has the following properties for convenient implementation/deployment:
-	Cross TP coordination requirement is very low, as the scheduling decision can be fully independent.
-	No restriction of the combination of PDSCH parameters used from different TPs.
-	UE processing is simple, as it only needs to decode each PDSCH separately treating the other TP as interference
-	Legacy CSI support might be enough with one CSI process per TP, though some enhanced CSI process might help when the PDSCH can be coordinated.
Depending on the distance of TPs participating in CA based NCJT, we may see two situations affecting the receiver structure:
-	Situation 1: The TPs are close by and the signal arrives at the UE with a delay spread well within the CP length
-	Situation 2: The TPs are relatively far away, and the signal arrives at the UE with a longer delay spread
For situation 1, it is possible to just a joint time tracking loop to control the FFT window to cover signals from all TPs, so a single FFT can be used. In this case, joint processing of the multiple TP PDSCH is possible. On the other hand, for situation 2, we will need multiple FFTs for the time domain to frequency domain conversion for different TPs. The joint processing will be hard. If we envision the situation 2 is to be covered in the NCJT design, in signalling support, we will need some indicators to classify the TPs by their distance. Concept-wise, this plays a similar role as quasi-co-location indicator.
[bookmark: i]Proposal 9. Some signalling support might be needed to indicate how close the TPs in NCJT are.
For DL grant, the legacy CA approach might be enough. We can either send the DL grant for one TP on the PDCCH region from that TP, or we use cross-CC grant and send it from one of the TPs. However, since the PDCCH region overlap from different TPs, the decoding performance might be worse. In this case, we may need to use a larger aggregation level to improve the reliability. Alternatively, we can use EPDCCH for DL grant, with EPDCCH from different TPs placed in different RBs and apply some PDSCH silencing to reduce the interference seen at EPDCCH RBs.
[bookmark: j]Proposal 10. When use PDCCH for DL DCI, may need to increase aggregation level. When use EPDCCH for DL DCI, can FDM the EPDCCH across different TPs to reduce interference.

4	Conclusions 
For non-coherent joint transmission for feCoMP, we considered two approaches, 
-	Single user MIMO based NCJT design
-	Carrier aggregation base NCJT design
Out of these two, we propose:
Proposal 1. Consider generalizing single user MIMO design as the main direction of NCJT for feCoMP.
We have the following proposals for single user MIMO based design:
Proposal 2.  Under NCJT, support joint transmission from two TPs with one codeword from each TP, and support transmission from only one of the two TPs with up to two codewords.
Proposal 3.  When both TPs participate in the joint transmission, the RB allocations from the two TPs are the same. A single DCI is used to grant the PDSCH from both TPs. The same DCI format also handles the case only one of the TPs is serving.
Proposal 4.  The DCI format 2D PQI format is enhanced to allow more parameter set combinations from the two TPs, either a longer PQI jointly encoded, or two separate PQI field, one for each TP.
Proposal 5.  When both TPs participate in the NCJT, the allowed rank combinations for the codewords from two TPs need further study.  
Proposal 6.  Use a multiple CSI processes design to report CSIs conditioned on both TPs serving or single TP serving. 
Proposal 7.  For NCJT PDSCH, focus on DMRS based transmission mode, with first  antenna ports used. The PDSCH rate matches around the CRS and CSI-RS of both TPs. The EPRE needs to be defined, and preferably a single value is used.
We have the following proposals for carrier aggregation based design:
Proposal 8. Consider Carrier Aggregation based NCJT, where each TP is treated as a CC.
Observation 1. The CA based NCJT has the following properties for convenient implementation/deployment:
-	Cross TP coordination requirement is very low, as the scheduling decision can be fully independent.
-	No restriction of the combination of PDSCH parameters used from different TPs.
-	UE processing is simple, as it only needs to decode each PDSCH separately treating the other TP as interference
-	Legacy CSI support might be enough with one CSI process per TP, though some enhanced CSI process might help when the PDSCH can be coordinated.
Proposal 9. Some signalling support might be needed to indicate how close the TPs in NCJT are.
Proposal 10. When use PDCCH for DL DCI, may need to increase aggregation level. When use EPDCCH for DL DCI, can FDM the EPDCCH across different TPs to reduce interference.
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