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Introduction
In this contribution, we further discuss NR multi-antenna schemes.
Multi-antenna Scheme for Data Transmission
In our previous contribution in RAN1 #86b, we point out that one of the main differences between NR massive MIMO and LTE MIMO is how beam is constructed. The possible beam construction includes:
· Alt 1: Pure analog beam: beams are only constructed with analog domain weight;  
· Alt 2: Hybrid beam: beams are constructed with analog and digital beamforming weights;
· Alt 2-1: Hybrid within a panel, antenna elements within a panel but belonging to different subarray are used to form the beam;  
· Alt 2-2: Hybrid across panels, antenna elements across the panels are used to form the beam;    
The beam is needed to improve coverage and throughput. For data transmission, beam construction should achieve balance between robustness and gain. In RAN1 #86b, the following agreements are achieved:
Agreements:
· Study at least the following different multi-panel structures at both TRP and UE
· Uniform array: antenna elements with the same polarization from multiple panels are uniformly distributed in horizontal and vertical dimensions respectively (see Fig.1(a) in R1-1610893 as an example)
· Non-uniform array: antenna elements with same polarization from multiple panels are not uniformly distributed in horizontal or vertical dimension (see Fig.1(b) in R1-1610893 as an example)
· Study the coherent/non-coherent MIMO transmission based on uniform/non-uniform array structure at TRP or UE
· E.g., Codebook design, calibration accuracy, interference measurement, advanced receiver design, interference hypothesis

For different antenna array, the transmission schemes might be different. From the perspective of how data is transmitted, schemes could be divided into the following categories. We analyze how the beam could be constructed for each of the schemes. 
· Case 1: One UE’s data is transmitted from one sub-array: This is possibly one case due to the fact that analog beam could be formed once per time unit. If the bandwidth is wide enough for multiple UE multiplexing, then each UE’s signal is transmitted from different sub-array each with its own beam. The beam used here is pure analog beam. Even on the same frequency/time resource, this kind of transmission is possible through spatial multiplexing of different analog beams. 
· Beams of this kind is pure analog beam, with combination of two polarizations; UE needs to report which analog beam is better and which combination coefficient between two polarization should be used. Rel 13 Class B K>1 could be used for this scenario. The main difference is that Rx beam may also need to be tracked, this may probably consume large amount of overhead. Reference signal for beam tracking may be defined to be much sparser than those for channel state measurement. Some special techniques like compressive sensing in our companion contribution [1] could be leveraged to reduce the RS overhead.  
· For TDD system, reciprocity could not be leveraged for this scheme. UE has to report which analog beam is better through beam related indicators. 
· Case 2: One UE’s data is from one panel: Panel could be divided further into sub-arrays. RF channel of all antenna elements on a panel is well calibrated, thus under most circumstances, panel would be the typical basic entity of beamforming. For the finest beamwidth with largest possible power, only one UE could be scheduled per time unit, except that all the sub-arrays are using the same analog beam for different UEs. But it is still possible that multiple UEs could be connected with different combinations of analog beam of each sub-array.      
· With combination of analog beams, the virtualized beam is hybrid beam; UE needs to report which beam is better and how the beam should be combined. Analog beam of different sub-array could be viewed as from different ports. It is also possible that each port is virtualized from multiple analog beams. FD-MIMO Class B K>1 and K=1 could be used for this kind. Codebook for combination of beams should be defined. Another issue is also related to the overhead. Similar techniques like beam tracking RS density reduction and compressive sensing could be leveraged to reduce overhead. 
· For TDD system, reciprocity could be partly leveraged for this scheme. UE may still need to report which analog beam is better. Analog beam may be long term statistics. gNB would make use of the information to construct Rx analog beam for measurement. When UE transmits SRS, different TxRUs needs to measure with the reported beam. 
· Case 3: One UE’s data is from multiple panels of one TRP: Panels may not be calibrated between each other, but there is still QCL assumption. Typically, system could only rely on baseband measurement and feedback from UE to transmit the same data with multiple panels. 
· The beam pattern constructed may not be pointy but with random shape since panels are not calibrated; UE should also report which beam is better on each panel, and the beam combination codebook should also be reported. Similar as above, beam combination codebook should be optimized for this case. FD-MIMO Class B K>1 and K=1 could be used for this kind. Class B K>1 may be used by the UE to find out the best beam and Class B K=1 is used by the UE to report finer beams and combination of different beams.
· Non-coherent transmission could be used in this scheme to transmit different layers of data. The benefit of such scheme is that it is possible to transmit with higher ranks without detailed PMI information.  
· TDD reciprocity is also partly used. Analog beam could still be reported as in the above case 2. Reciprocity could be triggered and combination coefficients for beams of different panels could be measured in UL and used in the DL.
· Case 4: One UE’s data is from multiple panels of multiple TRPs: There is no QCL assumption between different TRPs. Joint transmission from different TRPs would increase SNR and reduce interference. Typically, multiple panels could transmit the same data with different precoder or different layers of data. It should be noted that analog beamforming may reduce the number of simutaneouly scheduled UE. If multiple TRPs are used to transmit data to the same UE, then number of UEs that could be scheduled simultaneously would be largely reduced. 
· There may not be any combined beam if different layers of data are transmitted on different TRPs. This may be the typical case for data transmission from multiple TRPs since for this case, when UE calculates PMI for each TRP, there is still QCL assumption while across TRPs there is no such assumption. UE does not have to report how the beam from the two TRPs are combined, but only report whether they should be transmitted from two TRPs simultaneously. Current LTE FD-MIMO should be enhanced in this case for multiple TRP transmission in novel report of whether multiple TRPs are transmitting and novel calculation of CQI.  
It is agreed that non-coherent transmission across panels would be further studied. From above discussion, it could be seen that non-coherent transmission should be supported in NR to facilitate data transmission from multiple panels/TRPs.  
Non-coherent transmission should be supported in NR. 
In our understanding, the benefits of non-coherent scheme mainly lie in the reduced feedback payload and simplified CSI calculation, while for TDD where reciprocity is triggered, the benefit is that calibration is not mandatory across panels for simultaneous transmission. 
When channel is completely known to the transmitter, the best transmission across panels is in fact SVD based pre-coding. Non-coherent transmission may suffer from performance degradation compared to coherent eigen-beamforming. But for FDD, channel information mainly relies on UE feedback while for TDD, reciprocity may not be guaranteed due to lack of calibration between panels. There would be channel accuracy problem for UE feedback when payload is limited.  

Non-coherent transmission may be complicated in interference control of MU-MIMO. Consider the following example. There are two panels at gNB. Each of the two UEs has two subarrays. The channel between gNB panel i to UE k’s array j is .    


                    
The effective channel between gNB and UE k’s is in fact




For coherent eigenbeamforming and block diagonalization, for UE1’s two layer data, it could just transmit in the zero subspace of UE2’s channel matrix . For UE2’s two layer data, it could transmit in the zero subspace of UE1’s channel matrix .


But For non-coherent transmission, such simple and effective MU-MIMO scheme is not working. Suppose both UE’s first layer data are transmitted in panel 1 and second layer data in panel 2. UE’s first layer data must be transmitted in the zero space spaned by , while the second layer data is in the zero space spanned by . The dimension of the subspace is diminished to its half. Interference cancellation would lead to higher SNR loss. 
Observation 1	The disadvantages of non-coherent transmission includes:
· SU-MIMO performance for non-coherent transmission might be degraded compared to coherent eigen-beamforming;
· MU-MIMO interference control is more complicated for non-coherent transmission compared to coherent transmission. 
Observation 2	The benefits of multi-panel/TRP non-coherent transmission mainly lies in the following 	aspects:
· Reduced feedback payload;
· Simplified CSI calculation;
· Less calibration requirement.
To support non-coherent transmission, UE needs to measure which panels are suitable for simultaneous transmission even for TDD. Additional RS signal is needed. But this is long term statistics with similar periodicity as rank indicator. Thus RS density in the time domain could be very low. 
For TDD, non-coherent transmission across panels may still need additional RS to measure which panels are suitable for simultaneous transmission. 
· Time domain RS density for such measurement in TDD may be very sparse. 
For FDD system, the benefit of non-coherent transmission is its reduced feedback payload and simplified CSI calculation. UE may only need to calculate PMI for each panel. And report which panels could be simultaneously used. Novel report and novel calculation of PMI/CQI should be standardized. According to previously agreed CSI-related settings, RS settings and report settings could be independently controlled. It is possible to configure independent RS and report for different panels, and jointly calculate the corresponding report on whether panels are suitable for simultaneous transmission. 
For FDD, novel report on which panels are suitable for simultaneous transmission and corresponding PMI/CQI calculation are needed. 
Joint calculation of independent RS settings may be necessary for the report of panel selection/indication. 
Multi-antenna Scheme for Control Channel
As pointed out in our preious contribution in RAN1 #86b, a robust control channel is the very first step to build a dynamically configurable framework for multi-antenna transmission. Also in our companion contribution, the beam used for PDCCH control should make full use of the information gained in initial access to the largest extent. Through detection of SS block, UE gained information about DL Tx beam and DL Rx beam. Random access is also based on this beam information. DL control channel could also be on the same DL Tx beam and DL Rx beam. But it is also beneficial for the UE to combine signals from multiple panels, thus DL control Rx beams selection should be implementation specific. For UL control channel, it is highly preferred that the beam information gained in the random access procedure (Msg. 1 and Msg. 2) is leveraged for initial transmission. UL control channel may not always be needed. DL control would indicate whether there is UL control in the slot and could further indicate which beam UL control channel should use. 
When there is no reciprocity between DL and UL, UE does not explicitly report the beam information to gNB. Through implementation-specific design, it is still possible for the gNB to gain information about the beam that UE receives ‘SS block’. 
It is possible that for some special cases, DL may be beamformed with some other choices. When gNB believes there is robust connection on beams different from SS block, gNB could switch to another beam. But for DL Rx, if UE uses another different beam with narrower beamwidth than the SS block, then signal structure like RS repetition may be needed for the UE to switch beam within the resource block. Another possible solution to ensure beam alignment between UE and eNB is to design a multi-stage DL control channel. The first stage is always using the same beam as DL SS block and indicates which beam is going to be used. The second stage could use the information to decode control signaling. The above two solutions could be combined to fit in all the possible signal structures under the same framework.   
Multi-stage PDCCH also has some other benefits like blind decodings could be further reduced. It could be designed with the first stage bearing very simple information as what the format and gNB Tx beam UE should assume for the second stage. The first stage could use the default beam gained in the random access procedure. For the following stage, gNB could use the information gained from UE to refine the beams. Furthermore, the beam for PUCCH could be indicated in the first stage. This could solve the problem of missed detection in the second stage. 
DL/UL control channel could use the beam information gained in the random access procedure; 
The beam used by UL control is indicated by DL control for each slot.
Multi-stage PDCCH should be supported with the first stage using the beam same as ‘SS block’ and bearing very simple information.
· [bookmark: _GoBack]The first stage mainly contains information as what the format and gNB Tx beam UE should assume for the second stage.  
· The first stage may also indicate the possible beams for PUCCH.

Conclusions
Based on the discussion in this contribution we propose the following:
Proposal 1	Non-coherent transmission should be supported in NR. 
Proposal 2	For TDD, non-coherent transmission across panels may still need additional RS to measure which panels are suitable for simultaneous transmission. 
· Time domain RS density for such measurement in TDD may be very sparse. 
Proposal 3	For FDD, novel report on which panels are suitable for simultaneous transmission and corresponding PMI/CQI calculation are needed. 
Proposal 4	Joint calculation of independent RS settings may be necessary for the report of panel selection/indication. 
Proposal 5	DL/UL control channel could use the beam information gained in the random access procedure; 
Proposal 6	The beam used by UL control is indicated by DL control for each slot.
Proposal 7	Multi-stage PDCCH should be supported with the first stage using the beam same as ‘SS block’ and bearing very simple information.
· The first stage mainly contains information as what the format and gNB Tx beam UE should assume for the second stage.  
· The first stage may also indicate the possible beams for PUCCH.
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