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1	Introduction
RAN1 #89 meeting has reached the agreement on frequency selective precoding for both codebook based (Scheme A) and non-codebook based (Scheme B) uplink transmission scheme [1]:
	Agreements:
· When the number of transmission ports is less than or equal to 2, frequency selective precoding is not supported for both schemes A and B
· When the number of transmission ports is >2, frequency selective precoding for CP-OFDM can be configured by gNB for both schemes A and B
· FFS how to support/indicate frequency selective precoding (including potentially spec-transparent support)
· Note: frequency-selective TPMI is to be discussed separately




For uplink data channel for non-codebook-based UL MIMO, this agreement has been reached in RAN1 NR ad hoc meeting [2]:
	Agreements:
· For PUSCH precoder determination in non-codebook-based UL MIMO, support at least one of the followings: 
· Alt.1: Signalling of SRI(s) only, without TPMI indication in the UL grant
· Alt.2: Signalling of TRI only, without TPMI indication in the UL grant
· Alt.3: Signalling of TRI and a single SRI, without TPMI indication in the UL grant
· Alt. 4: signalling of a single TRI, a single CRI without TPMI indication in the UL grant
· To down-select in the next meeting considering single- vs. multi-panel (companies are encouraged to perform more evaluations)
· Note: this may depend UE’s capability in terms of calibration




The detail design of uplink non-codebook based transmission is still open. This contribution addresses design issues for Scheme B of non-codebook based UL transmission.

2	Reciprocity based approach for UL transmission
The codebook based UL transmission depends on TPMI signalling in UL grant from gNB: one UE usually transmits single SRS, gNB determines the uplink desired precoder with TPMI indication to the UE, and the UE applies the desired uplink precoder from the uplink codebook indicated with the TPMI. This codebook based UL transmission scheme can be applied for both TDD and FDD transmission.
For TDD transmission, one promising approach is to utilize the TX/RX reciprocity to yield the UL Tx precoder. The obvious benefit is potential saving of feedback overhead. The reciprocity based approach shall serves as the key application for non-codebook based UL transmission.
For TDD, when “full”, or “ideal” Tx/Rx reciprocity at UE side is assumed, the UE can acquire its full uplink channel information from its downlink channel estimation. This happens when the UE has “symmetric” Tx/Rx chains and the Tx/Rx chains are calibrated, and when the gNB also have calibrated “symmetric” Tx/Rx chain for its transmission and receiving for the specific UE.
Under the ideal reciprocity case, UE can determine its Tx precoder based on its downlink channel acquisition. No DL feedback is needed, and thus achieves zero feedback overhead. This is the key benefit of reciprocity based approach.
However, maintaining “ideal” Tx/Rx reciprocity for UL transmission would be difficult or costly, if not impossible. If one UE has its “symmetric” Tx/Rx chains with identical number of Tx/Rx ports, Tx/Rx calibration is also needed on both TRP and UE side. The calibration is usually involved with RF chain processing, which will need extra RF analog circuits.
Observation 1:	Calibrated symmetric Tx/Rx chains are needed to maintain ideal Tx/Rx reciprocity.
Even if ideal Tx/Rx reciprocity is maintained for uplink, a UE won’t be able to measure the UL interference at the TRP side solely from the UE specific DL channel estimation. Although the ideal reciprocity has its merit of minimizing feedback overhead, the UL precoder derived directly from the Tx/Rx reciprocity might be not optimal when the inter-cell UL interference is considered.
Observation 2:	Uplink precoder derived directly based on Tx/Rx reciprocity might be not optimal when the inter-cell UL interference is considered.
With this consideration, it is desirable to utilize the reciprocity property without assumption of fully Tx/Rx reciprocity for UL transmission. One possible approach shall follow the LTE’s FD-MIMO Class-B CSI-RS design with application of beamformed SRS. This operation can be illustrated in Figure 1 with 4 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 beamformed SRS transmission;
3. gNB detects the UE specific beamformed SRS and signals one TPMI or SRI in DCI to UE;
4. UE selects its PUSCH precoder based on gNB’s TPMI/SRI indication.


[bookmark: _Ref477983450]Figure 1    Non-codebook based UL-MIMO with beamformed SRS
At Step 2, the SRS resources/ports can be determined by the Tx/Rx reciprocity property. If the reciprocity is “ideal”, the choice of SRS resources is limited. If the UE has no reciprocity capability, it can still select multiple SRS resources to enable gNB to indicate its Tx precoder. 
Therefore, we propose to use beamformed SRS scheme to support non-codebook based UL-MIMO.
Proposal:		NR shall consider beamformed SRS scheme to support non-codebook based UL-MIMO.
The signaling at the gNB side will be similar to that of the codebook based UL transmission scheme.

3	Performance comparison between codebook based and non-codebook based UL-MIMO
Although RAN1 has not reached decision on UL-MIMO transmission schemes, both codebook based UL-MIMO and non-codebook based UL-MIMO could be supported for NR. 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 [2]. 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%

	8Tx
	62.9
	72.1
	14.6%



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 and 8Tx are shown. The codebook based scheme uses LTE Rel-10 DL 4Tx and 8Tx 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% and 14.6% for 4Tx and 8Tx, respectively. 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.
Observation 3:	Non-codebook based UL-MIMO scheme could be able to provide UE throughput gain over codebook based UL-MIMO scheme.
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:	Calibrated symmetric Tx/Rx chains are needed to maintain ideal Tx/Rx reciprocity.
Observation 2:	Uplink precoder derived directly based on Tx/Rx reciprocity might be not optimal when the inter-cell UL interference is considered.
Observation 3:	Non-codebook based UL-MIMO scheme could be able to provide UE throughput gain over codebook based UL-MIMO scheme.
Our proposal is:
Proposal:		NR shall consider beamformed SRS scheme to support non-codebook based UL-MIMO.
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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
8 Transmit antennas = Omni UE with (M,N,P)=(1,4,2), 8 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 and 8TX codebook for 4 and 8 TX antennas, respectively. 
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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