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1 Introduction
In the RAN1#88bis meeting, extensive discussions on the enhancements for NCJT have been conducted as well as the applicability of NCJT with the following agreements [1]:

· NC-JT is supported at least for TM10 

· FFS on applicability of subset of enhancements on TM9 

Moreover, in RAN1#89 meeting, the following agreements are achieved w.r.t resource allocation [4]:
· Fully overlapping RA from different CWs is supported

· FFS additional support of non overlapping RA from different CWs taking into account the following issues:

· Performance of non overlapping RA comparing to the existing CoMP schemes

· DCI payload

Meanwhile, potential enhancement on DMRS port to layer mapping is proposed in [3] with following conclusion [4]:
· Continue discussion on DMRS port to layer mapping for NC-JT on RAN1#90

In this contribution, the details for the enhancements related to resource allocation, QCL for DM-RS and CSI feedback in TM9 case are elaborated. Meanwhile, our view on DMRS port to layer is also provided. 
2 Discussion on enhancements to resource allocation
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. Expecting for the agreed fully overlapping scheme, different resource allocation per CW can be considered to increase the flexibility of the scheduling and harvest the channel gain (e.g., gain from frequency selective channel). According to TR 36.741[5], the following two additional resource allocation (RA) schemes are considered based on overlapping of allocated resources from different TPs:

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
For scheme 2, the least coordination between TPs is required. However, considering complexity of high standardization effort (e.g., on CSI feedback and MCS assignment) due to the various interference in different frequency resources within one codeword, this kind of RA should be deprioritized. For scheme 3, although it does not provide spatial multiplexing gain, it provides gain by frequency selective point selection without inter-TP interference. Moreover, resource allocation between two TPs can be done either dynamically or semi-statically.
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Figure 1 Illustration of NCJT
In general, as shown in Figure 2, the non-overlapping case can be further classified into two sub-schemes based on the detailed RA scheme for each CW. Based on our analysis, similar as the partial overlapping scheme, the double RAs filed will be required for describing the RAs in scheme 3-1.  Furthermore, considering the correlation among PRBs in frequency selectivity nature that the contiguous resources are tend to be correlated, contiguous resource allocation is good enough for this use case.  This can significantly reduce the overhead.  Due to the above reasons, only Scheme 3-2 is considered in this contribution.
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Figure 2 Illustration of non-overlapping case
Since the contiguous VRBs are allocated for each CW in scheme 3-2, the following approaches similar to the resource allocation type 2 in current LTE can be considered for the case shown in Figure 3.
· Approach 1: Two RA fields with independently indication to the allocated resources for CW1 and CW2.  In this method, the double RA fields are required within single DCI. The resource allocated for each CW will be separately indicated via the joint encoding of (S1, L1) for CW1 and (S2, L2) for CW2 in type 2 ways, respectively. It can be easily found that in case of 
[image: image3.wmf]DL

RB

N

 RBs are scheduled for DL ,the totally required number of bits can be calculated as: 

[image: image4.wmf]2

(1)

2log

2

DLDL

RBRB

NN

B

éù

+

=×

êú

êú

.
· Approach 2: One RA field with jointly indication to the allocated resources for CW1 and CW2.  In this method, the single RA fields are required within single DCI. The resource allocated for two CWs will be jointly indicated via the encoding of these four parameters, i.e., S1, S2, L1 and L2 together. According to this way, in case of 
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Figure 3 Illustration of non-overlapping case with contiguous RAs for CW1 and CW2
According to the agreements in last meeting, the performance w.r.t the required bit has been evaluated as listed in Table 1. Since in current LTE, the DL signalling for TM10 is conducted via DCI 2D, the required bits for resource allocation type 0 is considered as the baseline for comparison among the above approaches.
Table 1 Comparison of required bits for each solution
	Solution\
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	Approach 2
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It can be observed that the maximum required number for additional bits is 6 and 3 for approach 1 and 2, respectively. Meanwhile, in some cases, no additional bits are needed, especially for the approach 2 with large
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Moreover, some constraints on the application of non-overlapping schemes can be introduced to further reduce the required number of additional bits. For example, the required number in approach 1can be reduced if RBG based allocation is considered for each CW instead of VRB. In case of 
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 RBs are scheduled for DL, the required number of bits can be calculated as:
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Where the 
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refers to the RBG size as defined in Table 7.1.6.1-1 in [2].
Besides, the limitation of the scheduling bandwidth for each CW can also be considered for reducing the number of additional bits.
Moreover, in order to keep the backward compatibility with the current DCI-2D, RRC layer signalling, e.g., RRC can be introduced to indicate FeCoMP mode.

Proposal 1: Non-overlapping RA scheme is supported by extending Type 2 RA signalling to support joint-indication of RA corresponding to the 2 CWs.
3 Discussion on potential enhancements in TM9
As shown in Figure 1, 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. For supporting this kind of transmission in TM9, the enhancements on QCL and CSI will be further considered.
3.1 Enhancement on QCL
Based on the agreements in RAN1#89 meeting, for TM10, a new type of QCL is introduced to allow implicit 
indication of QCL assumption of DM-RS ports according to CW-to-layer mapping and CW allocation for each TP, e.g., all DMRS ports associated with the same codeword are QCL-ed w.r.t all parameters. Moreover, one more NZP-CSI-RS index field in each PQI parameter set in RRC configuration is agreed to added in each PQI status.
However, in case of TM9, since there is no PQI field in existing DCI 2C, multiple QCL assumptions between DM-RS and CSI-RS can be configured according to the pre-allocated CSI-RS resource for each CW.  For example, if K = 2 class B CSI-RS resource is used in TM9 as proposed in [4], it can simply assume that the first one is allocated to  CW1, and the second CSI-RS is allocated to CW2. Moreover, in order to distinguish the transmission between single and multiple TRP transmission in FeCoMP mode, one additional bit can be introduced in DCI filed for further indication so that it can fall back to the single TRP case that two CWs are assumed to be QCLed. 
Proposal 2:  Introduce two QCL assumptions by configuring K=2 Class B CSI-RS resources to support NCJT in TM9. Partial QCL assumptions can be considered between these 2 CSI-RS resources. CSI-RS to CW association can be pre-defined.
3.2 Enhancement on CSI 
As summarized in TR36.741 [5] the following schemes are proposed to enhance the performance of current CSI calculation and feedback:
-
Scheme 1: using single CSI process with K>1 CSI-RS resources.  Channel measurement and inter-TP interference measurement can be flexibly configured based on the selection of these K CSI-RS resource for different hypothesis.
-
Scheme 2: Using single CSI process with enhanced codebook and an aggregated CSI resource from multiple CSI-RS resources. CSI-RS resources from multiple TPs are aggregated to form one CSI-RS resource.  An enhanced codebook with the codeword structure considering non-coherent joint transmission can be applied to the aggregated channel measured from the aggregated CSI-RS. An example of the codeword structure considering two-TP joint transmission is  
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 are the precoding matrices applied to the two TPs respectively.
-
Scheme 3: Using multiple CSI processes with dependency among CSI processes.  For the multiple CSI processes mechanism, dependency among these CSI-processes can be considered.  In this way, different interference assumption for each TP is indicated. More specially, the calculated CSI of one CSI process, e.g., PMI, from the first TP can be treated as configuration of interferer during the CSI calculation for another CSI process i.e. for another TP.  This indication can also be used to improve the CSI accuracy assuming advanced receiver, e.g., SIC. 
Generally, the feedback overhead will be reduced for the single CSI process with aggregated CSI resource, but high standardization effort is required to specify the format of aggregated CSI, e.g., the codebook required in scheme 2.However, since in current spec, only one CSI process is supported for TM9, the scheme 1 with K>1 Class B CSI-RS resources in single CSI process can be considered. Each of the CSI-RS resources will be allocated to one TRP in either dynamic or pre-defined manner. More specifically, the CSI for the reference CSI-RS resource can be calculated first. Then, the calculated precoder should be taken into account for the interference derivation of CSI for the dependent CSI-RS resource. In this way, since two set of CSIs are obtained, all available rank and codebook combinations between two TRPs can be adaptively supported. Moreover, w.r.t the feedback, these two set of CSI can be independently reported (e.g., in TDM manner) similar to CSIs for two subframe sets in eICIC. In such approach, only one CSI is reported in a subframe. 
As described in [6], the scheme 3 can also be used for TM9 if multiple CSI processes are introduced. According to this approach, each CSI process is associated to calculate the CSI for certain TP, and the measurement resource within one CSI process should be configured as: 
· One set CSI-RS for channel estimation

· One set of IMR resource for interference measurement 
· One set of CSI-RS for interference measurement.

It should be noticed that the above CSI-RS is the configured K (K>1) Class B NZP CSI-RS, and each of them is assigned to TP in the coordinate sets.  The details of this scheme and corresponding verification can be found in [6].
Proposal 3:  For TM9, single CSI process with K=2 class B CSI-RS resource should be supported w.r.t the application of NCJT.  Two CSI reports considering inter-TP interference measurement based on the two CSI-RS resources is supported in TDM manner.
4 Discussion on potential enhancements on DMRS port to layer mapping
As mentioned in section 1, the potential enhancements on DM-RS port to layer mapping is proposed by organizing DM-RS groups in FDM manner instead of current CDM. The major reason is that potential problem would exist if channel estimation is conducted via CDMed DM-RS ports with power imbalance among different ports.  
In [2], the proposal has the same port mapping for rank2 and rank4 as the legacy mapping.  For rank3, the scheduler can use the legacy mapping and dynamically assign ports 7-8 to the TP with 2 layers. It is not necessary to support the usage of ports {9,10} for 2 layer transmission from one TP. The potential issue may happen only on rank5-8 transmission which has less use case.  Also, it is not clear whether this is a critical issue.  Considering the most of use case for NCJT, the connection of between TPs and UE are almost LoS link, especially in indoor case. In such scenario, the power offset between ports from different TPs will not be large for the use case of NCJT.  The sensitivity highly depends on UE channel estimation algorithm itself.  On the contrast, there is benefit of multiplexing all the ports in CDM manner i.e. ports 7,8,11,13 proposed by the work item of DMRS overhead reduction [7].  This reduces the overhead and makes the interference measurement more consistent among rank1-rank4 cases. 

Proposal 4:  Rank 3-4 transmission using ports {7,8,11,13} introduced by WI of “enhancements for high capacity stationary wireless link and introduction of 1024 QAM for LTE” should be supported for FeCoMP.

5 Conclusion 
In this contribution, potential enhancements to QCL assumptions are discussed with the corresponding changes on the current specification. The following proposals are considered:
Proposal 1: Non-overlapping RA scheme is supported by extending Type 2 RA signalling to support joint-indication of RA corresponding to the 2 CWs.
Proposal 2:  Introduce two QCL assumptions by configuring K=2 Class B CSI-RS resources to support NCJT in TM9. Partial QCL assumptions can be considered between these 2 CSI-RS resources. CSI-RS to CW association can be pre-defined.
Proposal 3:  For TM9, single CSI process with K=2 class B CSI-RS resource should be supported w.r.t the application of NCJT.  Two CSI reports considering inter-TP interference measurement based on the two CSI-RS resources is supported in TDM manner
Proposal 4:  Rank 3-4 transmission using ports {7,8,11,13} introduced by WI of “enhancements for high capacity stationary wireless link and introduction of 1024 QAM for LTE” should be supported for FeCoMP.
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