3GPP TSG RAN WG1 Meeting #87	                                                                       R1-1611439
[bookmark: OLE_LINK8]Reno, USA 14th - 18th November 2016

Source: 	ZTE, ZTE Microelectronics
Title:	Potential enhancements and specification impact on CS/CB
[bookmark: Source]Agenda Item:	6.2.13.2
[bookmark: DocumentFor]Document for:	Discussion and Decision

1. Introduction
In RAN#86bis, enhancements for CS/CB with FD-MIMO have been discussed [1]. The detailed agreements are as follows. 
· At least the following enhancements should be studied for CS/CB enhancement:
· CSI feedback enhancement
· e.g. CSI feedback reflect different interference beamforming hypothesis from coordinated TPs .
· e.g. CSI feedback considering power adjustment
· e.g. only CSIs regarding TPs with strong interference are reported
· [bookmark: OLE_LINK13]Interference measurement enhancements
· e.g. NZP CSI-RS used for measuring interference from coordinated TP.
· e.g. aperiodic CSI-IM
· [bookmark: _GoBack]e.g. measurement restriction in the frequency domain 
· Enhancement to non ideal backhaul 
· e.g. PMI/CRI signalling between eNBs 
· [bookmark: OLE_LINK14]Enhancement to reference signals
· e.g. support of orthogonal DM-RS ports for multi-point MU-MIMO
· e.g. SRS configuration signalling between eNBs 
· e.g. Multiplexing of CSI-RS resources with IC
· [bookmark: OLE_LINK12]e.g. Resource pool sharing for channel and interference measurement
· QCL enhancement
· e.g. non co-located CSI-RS resources in Class B FD-MIMO
· Enhancement to SRS:
· e.g. enable eNB to measure the SRS from interfering UE(s).

[bookmark: OLE_LINK7]In this contribution, detailed solutions about the enhancements are provided and specification impact on the CQI feedback, CSI-RS/CSI-IM and QCL is discussed.

2. Enhancements  and impact on the CQI calculation and feedback
As mentioned in [2], typical two CSI processes (CSI1 and CSI2) for used to calculate channel state information of the link1 (From TP1 to UE1) and link2 (From TP2 to UE1), respectively. A suffix 1 or 2 is introduced in this contribution to differentiate the CSI for these two processing, such as CSI1 including CQI1/PMI1/RI1.
Based on the current RS resource within one CSI processing, the SINR for the link1 can be calculated as

                                                                                      (1)






where  refers to the channel matrix for link1 which is estimated from the CSI-RS resource in CSI1. And is the corresponding precoding matrix denoted by PMI1.  depicts measured interference and noise through CSI-IM1. However, the accuracy the aforementioned is limited since the instantaneous interference of link2 can’t be obtained. The calculation of the  can be improved after adopting another NZP CSI-RS to get the channel of link2 () in the first CSI process [2].
For achieving this optimization, the enhancement on the following two aspects should be considered in the specification:
A） RS resource: 
For obtaining the accurate channel information for the interferer, K (K>1) NZP CSI-RS should be configured within one CSI process, and the functionality of each resource should be indicated. For example, when two NZP CSI-RS is configured to for single UE, the NZP CSI1 is assigned for channel measurement and another one is for interference. For supporting the flexible configuration and enlarged measurement set, the aforementioned K RSs could be dynamically selected from the CSI-RS resource pool which is configured by the TP. 
B） Precoding assumption for TP2 

During the calculation of the as



Since the precoding matrix of TP2 () is unknown to the UE, various assumptions should be considered:
· 
Assumption 1:  used by TP2 is directly informed by TP1.
· 
Assumption 2:   is selected when the minimum  is reached.
· 
Assumption 3:    is selected when the maximum  is reached.
· 
Assumption 4:   is unitary matrix.
The indication of adopted assumption in the CQI calculation should be introduced. 
Proposal 1:  Enhancements on CQI calculation and feedback for CS/CB should be supported.
3. Enhancements to CSI-RS/CSI-IM
According to the objectives of the SI, CS/CB will be enhanced by introducing the features of FD MIMO on the TPs. Since the coordinating freedom for the beam in each TP will be much larger to support the full dimension beamforming, the corresponding overhead of reference signals (RS), i.e., NZP CSI-RS, ZP CSI-RS and CSI-IM, will dramatically increase. Mainly, there are two ways to avoid the unaffordable overhead of reference signals for CS/CB.
· Reduce the number of the RS ports


It could be conducted through either partially configured RS or beamformed RS [2]. As shown in the equation below, the beamformed RS could be achieved by dividing the traditional precoding matrix F into two parts P () and W (), which stands for the long term channel statistics and short term CSI, respectively.   

                                            



Here, refers to the received data, and represents the noise. The demanded CSI-RS ports is reduced since CSI-RS is beamformed after the adoption of P  ()  . More specifically, three kinds of P matrix are considered:
· Case 1： Cell specific, it means that the same P matrix is used for all UEs belong to the same TRP;
· 
[bookmark: OLE_LINK9][bookmark: OLE_LINK10]Case 2：UE Group Specific, in this way, all UE for TRP will be divided into groups and the components of P matrix which results in the same beam direction are shared among UEs in a group.
· Case 3： UE Specific, it refers to that different P matrix is adopted by the each UE within the same TRP.
According to the aforementioned cases, the minimum CSI-RS consumption is achieved when the cell specific P matrix is adopted. But it does not match each UE’s channel well, especially when a lot of UEs are active. For case 2, as illustrated in Figure 1, the partial beams are shared between UE1 and UE2. In this case, the performance will be degraded if all the beam directions are identically configured to both UE 1 and UE2. The enhancements could be done by introducing flexible indication of CSI RS measurement set in port level for each UE.


[bookmark: _Ref466037379]Figure 1 Illustration of partial CSI-RS port sharing among UE1 and UE2
For case 3, the significant gain could be obtained when the new designed codebook is introduced [5] since the channel is more accurately represented by the non-constant module codebook. Meanwhile, the linear combination codebook which is proposed for the R14 should also be considered in the CS/CB to enhance the performance of class B based method.
· RS resource sharing：
It refers to that one set of RS resource can be shared by different TRPs in time, spatial or code domain. Three different ways are proposed: 
Alt1：Aperiodic transmission of the CSI-RS/CSI-IM
Transmission of CSI-RS can be aperiodically triggered by each beam/TP in the coordinating set according to the demands [3]. Aperiodic CSI-RS resource of each TP can be independently configured. Meanwhile, overhead of measurement resources could also be reduced by introducing aperiodic CSI-IM resources. 
Alt 2：Measurement restriction（MR, Include  channel MR and interference MR）
In Rel-13, channel MR and interference MR are respectively introduced to reduce the overhead of the CSI-RS and CSI-IM in Class B mode.  Similar methodology can also be used in the enhanced CS/CB case. CSI-RS/CSI-IM can be transmitted by different TPs /beams at different time instant and it is valid only in one subframe. Additional, IMR in frequency domain could also be considered since the measurement latency could be reduced.
[bookmark: OLE_LINK3]Alt3: Multiplexing of the CSI-RS resource with IC
To reduce the overhead of CSI-RS resource, CSI-RS-IC method can be introduced to enhance multiplexing of resources by cancelling interference caused by multiplexing. The following two cases are considered:
Case 1: The coordinating TPs can transmit the NZP CSI-RS in the same time with the shared CIS-RS resource. 
Case 2: With beamformed CSI-RS, the transmission of the NZP CSI-RS resources from the same TP can share the identical time-frequency resource in same CSI-RS pattern.
For assisting the channel estimation at UE side, the TRP should indicate resource information of each TP, including power of NZP CSI-RS, parameters for scrambling initialization. 
Proposal 2:  Enhancements on CSI-RS/IM for CS/CB should be supported.
4. Enhancements to QCL
· CSI-RS: 
In CS/CB, UE receives PDSCH from only one TP and CSI-RS from all the coordinating sets. Consequently, all DMRS ports are QCL, but the CSI-RS ports are not. For solving it, multiple QCL sets for the CSI-RS ports can be defined by the eNodeB with the principle that: CSI-RS ports in the same QCL set are from the same TP while CSI-RS ports from different QCL sets are not. All the DMRS ports will be associated with one of the CSI-RS set under the same QCL assumption. The complexity of the UE could be reduced since only CSI-RS resource should be adopted to calculate the time and frequency offsets during the demodulation of the data.
· DMRS:
The enhancement on DMRS related QCL is also considered as proposed in [4], which suggests that the orthogonal DMRS ports should be used for adjacent TPs to reduce the interference on DMRS. But the performance of interference estimation will be degraded due to time and frequency offsets between TPs. To eliminate the influence of this offset, different QCL sets should be defined for each DMRS port/port set and the corresponding CSI-RS. 
Proposal 3:  Enhancements on QCL for CSI-RS/DMRS should be supported.
5. Conclusion
In this contribution, our views on the enhancement of the CS/CB are introduced.  The following proposals about the optimization of the CSI-RS/IM, CQI calculation and QCL are presented:  
Proposal 1:  Enhancements on CQI calculation and feedback for CS/CB should be supported.
Proposal 2:  Enhancements on CSI-RS/IM for CS/CB should be supported.
Proposal 3:  Enhancements on QCL for CSI-RS/DMRS should be supported.
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