Page 1
[bookmark: _GoBack]3GPP TSG RAN WG1 Meeting 90bis																R1-1717362
Prague, CZ, 9th – 13th, October 2017

Source: 	Intel Corporation
Title:	Remaining Issues on Codebook Based UL Transmission
Agenda item:	    7.2.1.2
Document for:	Discussion and Decision

1. Introduction
In RAN1 #90 meeting, the following agreements for UL codebook based transmission have been achieved. [1]
Agreements:
· For DFT-S-OFDM, use rank 1 precoders from table below for 2 Tx with wideband TPMI only
· Note: in the following table “codebook index” should be called “TPMI index”
[image: ]
Agreements:
· For CP-OFDM
· At least TPMI indices 0-3 for rank 1 and TPMI indices 0 and 1 for rank 2 are used
· One of the two following Antenna port selection mechanisms is supported; 
· Decide among the two alternatives in RAN1# 90bis
· Alt 1: TPMI indices 4 and 5 for rank 1, and 2 for rank 2, from the above table are used for CP-OFDM
· Alt 2: SRI indicates selected antenna ports
Agreements:
· For 2 Tx, use single stage DCI with a semi-statically configured size to convey TPMI, SRI, TRI in Rel-15
· Total combined DCI size of TPMI, TRI, and SRI does not vary with PUSCH resource allocation for single stage DCI
· Specify UE capability identifying if UL MIMO capable UE can support coherent transmission across its transmit chains
· FFS: if UE capability identifies if coherent transmission is supported on all of, vs. none of, vs. on a subset, of its transmit chains
· FFS: how UL MIMO precoding design takes into account the above capability

In RAN1 NR AH #3 meeting, the following agreements on uplink codebook based transmission have been achieved. [2]
Agreement:
· For DFT-S-OFDM, support LTE 4Tx rank 1 UL codebook for TPMI 0-15
· Additional codewords for antenna port selection will be also supported
· FFS: Details on the additional codewords for antenna port selection (e.g. number of codewords, scale factors, etc)

In this contribution, we will provide some discussions on the remaining issues for UL codebook design including the UE capability reporting, antenna selection for CP-OFDM, 4Tx codebook as well as the DL signalling to support UL frequency selective precoding.
2. Discussion
2.1 UE Capability Reporting
Different UEs may have different antenna structures, where all the Tx antenna port(s) may come from the same antenna panel or different antenna panel with different orientations. The UE may select one antenna panel or multiple antenna panels to communicate with the gNB. It should be possible that the antenna ports for one antenna panel can support the coherent transmission. It is difficult to use coherent transmission across antenna panels due to different pathloss and timing may be applied to different panels. Therefore it should be necessary to divide the UE’s antenna ports into multiple sub-sets. A UE can report its capability on number of antenna ports per subset and number of antenna ports sub-sets. Then the gNodeB can configure some codebook subset restriction to select corresponding codebooks for the UE.
Proposal 1: It should be supported that the UE reports its number of antenna ports per subset and number of antenna ports subsets, where the antenna ports in a sub-sets can support coherent transmission.
2.2 Control Signaling for Antenna Selection
If the number of antenna ports per subset is more than 1, the antenna combining should be utilized. If the number of antenna ports subsets is more than 1, the antenna selection should be used. Therefore the UL codebook based transmission should support both antenna combining and antenna selection. For the antenna selection, there can be two alternatives as follows:
Alt1: antenna selection is indicated by TPMI
Alt2: antenna selection is indicated by SRI
Given there are N antenna ports per subset and S antenna ports subsets: in Alt1, the UE can transmit S SRS resource with N antenna ports per resource. Then S SRS resource setting should be used; in Alt2, the UE can transmit SN SRS with 1 antenna port per resource, then SN SRS resource setting should be used. If there are P precoders for N antenna ports case, the total payload size for Alt1 is  and the total payload size for Alt2 is . 
If there are 2 antenna ports per subset and 2 antenna ports subsets, by the agreed codebook for 2Tx case, Table 1 illustrates the overhead of the DCI and RRC configuration, where K indicates the number of bits for a SRS resource setting. 
Table 1: Overhead comparison of DCI and RRC configuration for N=2 and S=2
	
	Alt 1 (number of bits)
	Alt 2 (number of bits)

	SRI
	1
	2

	TRI
	1
	1

	TPMI
	4
	3

	Total bits in DCI
	6
	6

	RRC configuration
	2K
	4K



From Table 1 it can be observed that the overhead in DCI for Alt1 and Alt2 is the same, but the payload size of RRC signaling for Alt2 is higher than that for Alt1. Hence, regarding the overhead of all control signaling, the Alt1 is slightly preferred.
Further, regarding some forward compatibility, more antenna ports may be used in the UE side. For example, a UE may have 3 antenna panels: 1 omnidirectional antenna panel and 2 directional antenna panels. Then the parameters should be N=2 and S=3. Apart from Alt1 and Alt2, to jointly code the SRI, TRI and TPMI could be another possible way to reduce the overhead. Table 2 illustrates the possible control signaling overhead for this case.
Table 2: Overhead comparison of DCI and RRC configuration for N=2 and S=3
	
	Alt 1 (number of bits)
	Alt 2 (number of bits)
	Jointly Coded

	SRI
	2
	3
	-

	TRI
	1
	1
	

	TPMI
	4
	3
	

	Total bits in DCI
	7
	7
	

	RRC configuration
	3K
	6K
	3K



Proposal 2: The Alt1 (using TPMI for antenna selection) should be supported.
Proposal 3: The SRI, TRI and TPMI should be jointly coded to save the overhead, regarding forward compatibility.
2.3 4Tx Codebook
As discussed in last section, using TPMI for antenna selection could have less overhead. The 4Tx codebook should also support both antenna combining and antenna selection. Regarding the uplink subband precoding for CP-OFDM, the antenna selection should be wideband and for each subband the co-phasing between selected antenna ports could be different. Therefore the codebook could be generated as follows:

Where  is used for antenna selection and  is used for the indication of co-phasing between selected antenna ports. For the wideband TPMI indication, it can be based on the matrix of W to save the overhead, and for the subband TPMI indication, the wideband TPMI1 should be based on matrix  and subband TPMI2 should be based on matrix .
The matrix  can be given as Table 3 and matrix  can be based on the 2Tx codebook for UL when TPMI1 = 4 and 5 and 4Tx codebook for LTE Rel-10 for CP-OFDM and DFT-s-OFDM when TPMI1 = 6. When TPMI1 = 0-3,  should be 1. For each waveform, the codebook sub-set restriction can be used and the UE can select corresponding precoders.
Table 3: The definition of matrix  for antenna selection
	TPMI1 Index
	Precoder

	0-6
	
	
	
	
	
	
	



For DFT-s-OFDM waveform, the antenna combining based codebook has been agreed and the antenna selection based codebook should take the antenna panel selection into account. There can be different scenarios for the antenna panel selection: one is that the UE has 4 panels and one antenna port is used for 1 panel; the other is that the UE may have 2 panels with 2 antenna ports per panel. Then the rest of the codewords for antenna selection based codebook should be as Table 4.
Table 4: Antenna selection based precoder for DFT-s-OFDM
	TPMI Index
	Precoder

	16-22
	
	
	
	
	
	
	

	23-27
	
	
	
	
	
	
	



Proposal 4: The 4Tx codebook should support both antenna selection and antenna combining.
Proposal 5: For CP-OFDM, for wideband precoding, the TPMI is based on a single stage codebook; for subband precoding the TPMI can be based on a dual-stage codebook where the first stage is for antenna selection and the second stage is for the co-phasing of selected antenna ports.
Proposal 6: For DFT-s-OFDM, the precoders in Table 4 should be supported for antenna selection.
2.4 Control Signaling for Subband Precoding
Channel delay spread could be different depending on the analog beamforming. For most cases, the delay spread for beamformed channel is smaller than that for non-beamformed channel. However for some cases, the delay spread may be increased after beamforming. Hence, the size of PRG should be configurable. Then the wideband and subband precoder can be dynamically switched. If the MU-MIMO dimension is high, the wideband precoder may be better so that it is easier to distinguish the reference signal for different users and can increase the channel estimation performance; otherwise the subband precoder can be scheduled so that the frequency selective gain can be achieved.
After the size of PRG is indicated to the UE, the subband PMIs should be signaled by the gNodeB. However such information does not need to be indicated whenever the uplink transmission is required. Instead, the subband PMIs can be updated only when the gNodeB finds out better precoders. As what has been agreed that the following options to transmit the subband PMIs should be considered:
· Alt 1:Subband TPMIs are signaled via DCI to the UE only for allocated PRBs for a given PUSCH transmission 
· Alt 2:Subband TPMIs are signaled via DCI to the UE for all PRBs in UL, regardless of the actual RA for a given PUSCH transmission
For Alt 1, the subband TPMI should be transmitted in every uplink grant, then the overhead could be one issue. For example, if the UE has 4 antenna ports, and one PRG contains 4 RBs, for a 100 RBs resource allocation case, the payload for the independent DCI of TPMI indication could be about 116 bits with 16bits CRC. If the number of antenna ports gets higher, more DCI payload is required. Hence, one possible way is to support fixed number of precoders with dynamic range of subband size. However there could be the following issues:
· Non-uniform size of subband. If the number of subband precoder is fixed to be N, it would be better to schedule kN RBs, where k=1,2,…,K. Otherwise, the size of subband could be non-uniform. For example, if the number of subband precoder is fixed to be 4, it is not easy to define the precoder for each RBs if the number of scheduled RBs is 2 or 6.
· Potential MCS mismatch. When receiving the SRS, the gNB could perform the link adaptation based on estimated precoder for each subband. However if the size of subband could be dynamically changed, sometimes the estimated SINR for each subband in link adaptation may not accurately reflect real SINR for a subband whose size is larger than the that used for link adaptation. 
For Alt2, as the subband TPMI is not transmitted in every uplink grant, the overhead could not be significant. If the SRS is not transmitted, most likely the precoder would not change. Figure 1 illustrates one example for the subband TPMI indication for alt2.

Figure 1: one example for subband TPMI indication for Alt2
Since the UL precoder may not be necessarily updated in each subframe, it could be de-coupled with resource allocation in uplink grant, which is similar to LTE TM4. An effective time window for the subband TPMI can be defined so that if the subband TPMI expires, the wideband precoder could be used as a fallback transmission scheme. Within the effective time window, if the UE is scheduled with subband precoder based transmission scheme, the latest subband TPMI received should be used.
Proposal 7: The wideband and subband precoder based transmission scheme should be dynamically switched.
Proposal 8: It should be supported that subband TPMIs are signaled via DCI to the UE for all PRBs in UL, regardless of the actual RA for a given PUSCH transmission.
3. Conclusions
In this contribution we have provided our views on codebook based UL transmission for NR. From the discussion, we have achieved the following proposals.
Proposal 1: It should be supported that the UE reports its number of antenna ports per subset and number of antenna ports subsets, where the antenna ports in a sub-sets can support coherent transmission.
Proposal 2: The Alt1 (using TPMI for antenna selection) should be supported.
Proposal 3: The SRI, TRI and TPMI should be jointly coded to save the overhead.
Proposal 4: The 4Tx codebook should support both antenna selection and antenna combining.
Proposal 5: For wideband precoding, the TPMI is based on a single stage codebook; for subband precoding the TPMI can be based on a dual-stage codebook where the first stage is for antenna selection and the second stage is for the co-phasing of selected antenna ports.
Proposal 6: For DFT-s-OFDM, the precoders in Table 4 should be supported for antenna selection.
Proposal 7: The wideband and subband precoder based transmission scheme should be dynamically switched.
Proposal 8: It should be supported that subband TPMIs are signaled via DCI to the UE for all PRBs in UL, regardless of the actual RA for a given PUSCH transmission.
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