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1	Introduction
Further details of the non-codebook based transmissions for NR uplink have been agreed in RAN1 #90 and RAN1 NR ad hoc meeting #3. In RAN1 #90 meeting, the signaling approach to support non-codebook based UL MIMO is agreed [1][2]. The agreements are listed here:
	Agreements:
· For PUSCH precoder determination in non-codebook-based UL MIMO, support Alt.1, (i.e., at least SRI(s) only without TPMI indication in the UL grant) for wideband indication.
· Note: The gNB should only signal SRI(s) such that the UL precoding transmission inferred from the signaled SRI(s) can be simultaneously conducted by the UE. 
· FFS details
· FFS: If sub-band indication is supported, down-select Alt. 1-3 for it



With the agreement, the SRI(s) signaling without TPMI indication is supported in the uplink grant for non-codebook based UL-MIMO. 
The mapping between SRS resource and SRS port has been agreed as the Working Assumption in RAN1 NR ad hoc meeting #3. The working assumption is [3]:
	Working assumption
· For PUSCH precoder determination using wideband SRI only indication in non-codebook based UL MIMO, only one SRS port per SRS resource can be configured 
· Note: to support high rank transmission, multiple SRS resources should be indicated
· FFS: subband SRI indication
· FFS: Details of DCI for wideband SRI indication
· FFS: Details on how to reduce the overhead and SRS resource



Based on the agreement and the working assumption, we provide further analysis on remaining issues for non-codebook based uplink transmission in the contribution. The applicability of the supported non-codebook based transmission scheme is investigated. The support of frequency selectivity precoding with the multiple SRS transmission is also discussed.

2	Reciprocity based approach for UL transmission
Codebook based transmission scheme with TPMI feedback is supported for NR uplink MIMO. The non-codebook based transmission scheme is also proposed with the motivation of either lower feedback overhead or better performance, than codebook based scheme. Tx-Rx reciprocity at uplink could be used for non-codebook based scheme, as an improvement over codebook based transmission schemes.
Codebook based transmission scheme uses a pre-fixed codebook where the uplink precoder can be selected. The codebook design, ideally, shall cover full spatial domain with limited feedback overhead. However, the performance of codebook based transmission is limited by the feedback overhead, which limits the size of codebook. Compared to eigen-beamforming, which can be considered as the ideal close-loop feedback scheme, codebook based schemes can still be improved, as we shown in Section 3. From system simulation results shown in Table 1 of Section 3, EBF outperforms codebook based scheme with 7.8% in average UE throughput with 4Tx transmit ports. Therefore,
Observation 1:	It is potential to improve the performance of codebook based transmission scheme for NR UL-MIMO.
Precoding with higher spatial resolution can improve uplink MIMO performance. Precoders based on codebook have limited spatial resolution due to the limited codebook size. It is expected that non-codebook based transmission can provide higher resolution precoders than codebook-based approaches.

2.1	Multiple SRS transmission scheme
The RAN1 agreements [1][2] on non-codebook based uplink transmission implies the support of multiple SRS transmission. With multiple SRS transmission, gNB can indicate single SRI or multiple SRI(s), so that UE can form its precoder for PUSCH transmission. The general approach, implied in [2], can be illustrated in Figure 1 with these four steps:
1. UE detects DL channel information based on DL CSI-RS or DM-RS;
2. Based on channel reciprocity and measured DL channel, the UE picks its SRS precoders for multiple SRS transmission;
3. gNB detects the UE specific SRS and signals one SRI or multiple SRIs in DCI to UE;
4. UE selects its PUSCH precoder based on gNB’s SRI indication(s).


[bookmark: _Ref492644859]Figure 1    Non-codebook based UL-MIMO with beamformed SRS

This scheme assumes DL-UL channel reciprocity at Step 2. This implies TDD and UE has its capability to maintain Tx/Rx reciprocity. The UE can acquire its full uplink channel information from its downlink channel estimation, if the channel reciprocity is “ideal” or “full”. Under the ideal reciprocity case, no DL feedback is needed, and thus achieves zero feedback overhead for uplink transmission. However, in most of cases, the channel reciprocity is not “ideal”, depending on UE Tx/Rx calibration, asymmetric Tx/Rx chains. At least “partial” reciprocity is maintained at the UE side, thus UE still needs to transmit SRS to sound its uplink channel and uplink precoders.
If there is no DL-UL channel reciprocity at the UE side, the approach in Figure 1 will need multiple SRS resource to cover the full spatial domain. The UE has no knowledge about its uplink and will select SRS resources to cover all direction. gNB measures all received SRS signal to indicate SRI. This approach would have similar performance to the codebook-based transmission, where TPMI feedback is used to pick a uplink precoder from the codebook. We can observe that:
Observation 2: If no DL-UL channel reciprocity is maintained at the UE side, non-codebook based transmission will have similar performance to the codebook based transmission scheme.
With this observation, non-codebook based transmission can only be applied when channel reciprocity is possible.
Proposal 1: Non-codebook based transmission shall only be configured when a UE can maintain at least partial channel reciprocity.
When the channel reciprocity is maintained, there is no guarantee for “interference reciprocity” as CSI-RS measurement won’t be able to estimate uplink interference information. It is possible that all SRS sources that one UE picks based on its DL CSI-RS measurement suffer significant uplink interference. Under this situation, UE can fall back to codebook based transmission.

2.2	Support of frequency selective precoding
RAN1 has agreed to support frequency selective precoding for non-codebook based transmission when the transmission port is greater than 2. This indicates that PUSCH supports subband based precoders for non-codebook based transmission. 
With the non-codebook based scheme in Figure 1, multiple SRS transmission can be either wideband based or subband based, depending on UE’s choice. UE can determine the subband based precoder based on CSI-RS with channel reciprocity. 
However, at gNB side, support of subband SRI could be problematic due to significant increasing of feedback overhead. If 4-bit SRI is used per subband, the total SRI payload size will be  bits for  number of subbands. Besides, with different uplink PRB allocations, it is not sure whether the overall SRI payload size is variable depending on allocation size. This is the similar problem for TPMI size in codebook-based transmission scheme. Given that TPMI can be configured to have subband support, and non-codebook based scheme does not use TPMI, we propose:
Proposal 2: DCI payload size for SRI shall not be greater than DCI payload size for TPMI.

3	Performance comparison between codebook based and non-codebook based UL-MIMO
Both codebook based UL-MIMO and non-codebook based UL-MIMO are supported for NR, based on current RAN1 discussion. The question is: what’s the extra benefit of using non-codebook based scheme, when compared to the codebook scheme for UL-MIMO?
[bookmark: OLE_LINK13][bookmark: OLE_LINK14]System simulation were performed to justify the potential gain to use non-codebook based scheme. The detailed simulation results and simulation assumptions are presented in [3]. For the benefit of discussion on non-codebook UL-MIMO, we pick one set of system simulation results to show in Table 1. The detailed simulation assumptions are listed in the Appendix.
[bookmark: _Ref477961167]Table 1    Summary of UL UE mean throughput performance
	# Tx ports
	Codebook based (Mbps)
	Non-codebook based (EBF) (Mbps)
	Average UE throughput Gain

	4Tx
	54.0
	58.2
	7.8%



The simulation considers a system bandwidth of 100MHz at 4GHz carrier frequency. Subband precoding is applied with SB granularity of 10MHz per subband, with a total of 10 subbands. Mean UE throughput performance under 4Tx is shown. The codebook based scheme uses LTE Rel-10 DL 4Tx codebook; while the non-codebook based scheme in our simulation uses eigen-beamforming (EBF).
Table 1 clearly indicates that the gains between EBF scheme and LTE’s codebook are about 7.8% for 4Tx. It can be observed that significant gain can be achieved over LTE’s codebook if better codebook, or better UL transmission scheme such as non-codebook based scheme is used. The justification is that EBF precoder is more accurate precoder than the codebook based precoder.
We can consider the EBF performance as the upper bound performance for UL-MIMO transmission because EBF beam can be considered as “optimal” in the sense of spatial multiplexing. From the simulation, it can be observed that there is potential gain of using non-codebook based scheme. This could justify a design of non-codebook based approach to enhance NR UL-MIMO performance; however, it is yet to be investigated that whether this potential gain can be materialized with the proposed non-codebook based scheme.

4	Conclusions
[bookmark: OLE_LINK22][bookmark: OLE_LINK23]In this contribution, we made the following observations: 
Observation 1:	It is potential to improve the performance of codebook based transmission scheme for NR UL-MIMO.
Observation 2: If no DL-UL channel reciprocity is maintained at the UE side, non-codebook based transmission will have similar performance to the codebook based transmission scheme.
Our proposals are:
Proposal 1: Non-codebook based transmission shall only be configured when a UE can maintain at least partial channel reciprocity.
Proposal 2: DCI payload size for SRI shall not be greater than DCI payload size for TPMI.

References
[1]	Chairman’s Notes, RAN1 #90, August 2017
[2]	R1-1715235, WF on Non-Codebook based UL Transmission, Huawei, HiSilicon, DOCOMO, Ericsson, InterDigital, LGE, Sharp, China Telecom, ZTE, Sanechips, Nokia, NSB, AT&T, China Unicom, Spreadtrum, Fujitsu, CeWiT, Intel, IITM, Mitsubishi, MediaTek, Lenovo, IITH, Tejas Networks, CATT, VDF, Samsung
[3]	Chairman’s Notes, RAN1 NR ad-hoc #3 meeting, September 2017
[4]	R1-1703153, On frequency selective precoding for UL-MIMO, Nokia, Alcatel-Lucent Shanghai Bell, RAN1 #88.


Appendix
Table I. Simulation assumptions
	Parameters
	Values

	Scenario
	Urban macro

	Carrier freq.
	4 GHz

	System Bandwidth
	100MHz

	Sub-band bandwidth
	10MHz (10 sub-bands over the system bandwidth), and 5MHz (20 sub-bands over system bandwidth)

	UE Tx power
	23 dBm over 100MHz

	Channel model
	According to 38.900

	TRP antenna config.
	(M,N,P,Mg,Ng) = (8,4,2,1,1), (dV,dH) = (0.5, 0.5) λ

	BS TXRU mapping
	Single TXRU per antenna element.  

	Downtilt
	90 degrees

	UE antenna config.
	4 Transmit antennas: Omni UE with (M,N,P)=(1,2,2), 4 TXRUs

	UE #
	5 users per TRP (average)

	UE distribution
	TR36873: 20% outdoor (3km/h), 80% indoor (3km/h)

	Traffic model
	Full buffer

	CSIT
	CSIT either wideband or sub-band based.  
PMI: LTE Rel-10 DL 4TX codebook. 
Reciprocity-based: eigenbeamforming leveraging downlink channel response (ideal but delayed by 5msec)

	MIMO mode
	SU-MIMO with Rank adaptation (Rank 1 or Rank 2)

	Scheduler
	Wideband PF

	Receiver
	MMSE
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