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Introduction
In RAN1 NR-AH, RAN1#88 and 88bis, the following agreement on UL MIMO was made [1][2][3]:
	Agreements:
· Support at least the following UL transmission schemes for data in NR
· Scheme A: Codebook based UL transmission
· ...
· Scheme B: Non-codebook based UL transmission
· Support frequency selective precoding for CP-OFDM when the number of transmission port is greater than Y (FFS: Value of Y).
· Support the indication of DL measurement RS for UE to calculate candidate precoder
· Study the mechanisms for UL precoder determination, e.g. precoded SRS based, non-precoded SRS based, hybrid precoded and non-precoded SRS based
· Diversity-based transmission schemes
· FFS: Whether the scheme has specification impact or not
· FFS: Merging of the schemes
· Support rank determination by gNB
· …
· Codebook based transmission for UL is supported at least by following signaling in UL grant:
· SRI+TPMI+TRI, where 
· The TPMI is used to indicate preferred precoder over the SRS ports in the selected SRS resource by the SRI.
· No SRI when a single SRS resource is configured
· The TPMI is used to indicate preferred precoder over the SRS ports in the configured single SRS resource.
· Support indication on selection of multiple SRS resources 
· FFS details



[bookmark: _Ref446598547]This contribution addresses the following issues related to the highlighted part of the agreement: 
1. [bookmark: _Ref481154632]The necessity of non-codebook-based UL transmission
2. [bookmark: _Ref481154038]TPMI-based UL transmission scheme when DL-UL reciprocity is feasible

Necessity of non-codebook-based UL transmission scheme
1 
Supporting non-codebook-based UL transmission scheme entails an UL-related DCI design without TPMI as TPMI refers to a particular precoder in a codebook. Therefore, the UE is expected to choose the precoders used for UL transmission upon receiving the UL-related DCI. Thus far, the following SRI-based scheme (perhaps accompanied by RI) has been proposed:
· A UE is configured with K>1 SRS resources (each resource having N≥1 ports) and transmits these K SRS resources (either periodically or aperiodically). Each of the K SRS resources (associated with to “beam”) is precoded/beamformed (with either digital or analog precoder) by the UE without any assistance from the gNB. Note that the value of K is in general small. 
· Upon measuring the K SRS resources, the gNB chooses a “beam” and signals SRI to the UE via an UL-related DCI to indicate to the UE the “beam” through which the UE shall transmit on the UL data channel. 
Such a scheme can be relevant for two scenarios:
1. Scenario 1: High-frequency operation when fully analog beamforming architecture is used. Here, each SRS resource comprises N=1 port. Hence, codebook-based transmission (which requires N>1-port codebook) may not be feasible. 
2. Scenario 2: When DL-UL channel reciprocity is feasible, a UE can measure CSI-RS for the purpose of precoder calculation. Therefore, TPMI is not required since the UE can determine the precoder itself - thereby reducing DL control signaling overhead and allowing the UE to determine its own precoders (higher resolution compared to codebook-based precoding).
However, the following drawbacks can be identified.
First, no guarantee of reasonable UL CSI acquisition: Even when DL-UL full channel reciprocity is feasible, in general interference profile is not reciprocal between UL and DL (even worse, interference profile can be frequency selective at times). Therefore, both scenarios suffer from the lack of UL interference profile at the UE since CSI-RS measurement only provides UL channel information without UL interference information. Since the UE can choose a precoder which is aligned with UL channel eigenvector yet falls within the rank-space of UL interference profile (hence null-space of UL SINR), choosing a set of K precoders without any assistance from the gNB (in providing UL interference profile) cannot guarantee reasonably good UL CSI acquisition at the gNB. At worst, the UE persistently transmits SRS along the worst-possible directions to the gNB which will impact UL system throughput.
Second, non-reciprocal multi-beam system: Even for TDD, DL-UL channel reciprocity may not hold in some scenarios. First, when beams at TRP and/or UE are different between DL and UL, DL-UL channel reciprocity does not hold. For example, without beam correspondence, the TRP finds its DL Tx beam and UL Rx beam separately via DL beam management and UL beam management, respectively. In this case, the TRP has different beams between DL and UL. Second, consider a case where DL and UL are from different TRPs due to various factors such as power imbalance of TRPs and traffic offloading. It could be more efficient to transmit DL signal from high power TRP but let the low power TRP to receive UL signal. For the case, i.e. UE’s DL and UL are connected with different TRPs, DL-UL channel reciprocity is not feasible. Therefore, this also results in different beams between DL and UL, since different TRPs between DL and UL will cause different beams between DL and UL. Figure 1 illustrates such scenarios. 
[image: ]
[bookmark: _Ref481156654]Figure 1. Some cases without DL-UL channel reciprocity in multi-beam based systems
Third, performance not better than that of size-K codebook: Assume a hypothetical best-case scenario of single-cell without inter-cell interference (e.g. when cell isolation is large). In this case, the absence of UL interference estimation at the UE is not an issue. The UE may then transmit K SRS resources (hence K “beams”) to cover all pertinent spatial directions so that the gNB can measure UL CSI along those K directions. This non-codebook/SRI-based scheme (which requires K SRS resources), however, cannot outperform a codebook/TPMI-based UL transmission scheme (which requires only 1 SRS resource with sufficient number of ports) which employs a size-K codebook designed to cover the same set of spatial directions. Therefore, the non-codebook/SRI-based scheme is at best redundant when a comparable codebook/TPMI-based scheme is already available.    
Fourth, corner (plausible) use case for very high frequency: This non-codebook/SRI-based scheme –without any assisting information from the gNB, seems relevant only for fully analog beamforming architecture where only one digital port is available. However, this scenario is mainly relevant for >40GHz scenario (which is of a lower priority for Phase I). Considering that this scheme is still plagued with the lack of UL interference information at the UE, its utility is limited. If this scheme is to be supported, some assisting information (such as UL interference signaling on DL) at the UE is also needed – which may not be within the scope of Phase I NR. It is therefore more fitting to study this more carefully, e.g. for Phase II NR.   
Considering the above drawbacks, the utility of non-codebook/SRI-based UL transmission scheme is unclear, at least in the current form.

Observation:
· In the absence of UL interference profile at the UE, non-codebook/SRI-only-based UL transmission scheme cannot guarantee reasonable UL CSI acquisition at the gNB even when DL-UL channel reciprocity is feasible. 
· DL-UL channel reciprocity does not imply DL-UL interference reciprocity 
· Even in a hypothetical single-cell scenario (absence UL inter-cell interference), its performance cannot exceed that of codebook/TPMI-based scheme with a small-size codebook.   
· In multi-beam TDD-based based system, DL-UL channel reciprocity does not hold in some scenarios, e.g.
· Beams at TRP and/or UE are different between DL and UL
· UE’s DL and UL are connected with different TRPs
Proposal:
· Non-codebook/SRI-only-based UL transmission scheme (the so-called “Scheme B”), where TPMI is not included in an UL-related DCI, is not supported in Phase I NR
· To be further studied in Phase II NR along with a DL signaling mechanism for UL interference information 

TPMI-based UL transmission scheme for DL-UL reciprocity
2 
For multi-beam scenario depicted in Figure 1, the UE is not guaranteed to recognize whether DL and UL have same beam/TRP or not. If the UE calculates UL precoder based on CSI-RS, this precoder calculation will be inaccurate due to lack of DL-UL channel reciprocity. Therefore, the TRP should assist the UE to calculate accurate UL precoder for scheme B. If CSI-RS is transmitted and received via UL beams, then the CSI-RS can be utilized for the calculation of UL precoder. Therefore, when beams between DL and UL are different, TRP can transmit CSI-RS to UE only for calculation of UL precoder. In this case, the corresponding CSI-RS should be transmitted and received using UL beams since it is only for calculating UL precoder. In other words, the TRP transmits CSI-RS based on UL Rx beam and the UE receives CSI-RS based on UL Tx beam.
For Phase I NR, Scenario 2 (feasibility of DL-UL reciprocity) seems to be the pertinent case. When DL-UL channel reciprocity is feasible, some “assisting information” from the gNB is required to ensure that the UE can reliably select UL precoders from CSI-RS measurement for data transmission. Although it is possible for the gNB to explicitly signal UL interference profile to the UE via a DL channel (either DL data or DL control), the resulting overhead can be excessive. 
Instead of explicitly signaling UL interference profile, a low-overhead UE-centric gNB-aided UL precoder selection can be performed as follows. First, the gNB signals a single TPMI, along with TRI, in the UL-related DCI to the UE. Rather than indicating a precoder from a codebook, this TPMI indicates a group (subset) of precoder from a codebook. If dual-stage codebook () is used,  index can be used for this purpose. The gNB can select the precoder group according to the UL interference profile (measured from SRS). Using this mechanism, the gNB can limit the UL precoder search within a subset of precoders which minimizes UL interference. Second, upon receiving the TPMI from the gNB, the UE can confine its precoder calculation within the subset of precoders indicated by the TPMI (hence gNB-aided). By utilizing UL channel measurement from CSI-RS, the UE can either select a precoder from this subset or calculate a precoder from a linear combination of the precoders in the subset. This precoder calculation is transparent to the gNB (hence UE-centric) and can be frequency-selective. This scheme is illustrated in Figure 2. As evident, this scheme is simply an extension of codebook/TPMI-based transmission scheme (the so-called “Scheme A”) and can be treated as a second TPMI configuration. 



[bookmark: _Ref481157814]Figure 2 Codebook/TPMI-based UL Tx scheme: 2 configurations (without and with) DL-UL channel reciprocity

Proposal: 
· For CSI-RS based UL precoding in multi-beam system, NR should support UL Rx beam based CSI-RS transmission
· Support the following extension of codebook/TPMI-based transmission scheme via two configurations of TPMI: 
· Config 1: TPMI+TRI indicates precoder from a codebook
· “LTE-like” transmission scheme
· Config 2 (extension): TPMI+TRI indicates precoder subset/group from a codebook 
· Can be used with CSI-RS when DL-UL channel reciprocity is feasible 
· With dual-stage codebook (), index can be used

3 
4 
Considered together with UL frequency selective precoding, when a UE is (semi-statically) configured with multiple TPMIs, they can be used either for frequency-selective precoding or UL interference indication. Likewise, when a UE is (semi-statically) configured with a single TPMI, it can be used either for frequency-non-selective precoding or precoder group indication. In this case, a one-bit indicator can be added in the DCI to differentiate the two functionalities and facilitate dynamic switching between them. If dynamic switching is not needed, this one-bit indicator can be included as an RRC parameter (hence semi-static configuration) for UL transmission. This is subject to further study.   

Proposal: Two different TPMI functionalities (e.g. precoder and precoder group indication for single TPMI, “subband” precoder and “subband” UL interference profile for multiple TPMIs) can be either semi-statically (RRC) or dynamically (DCI) switched
· FFS between RRC and DCI 

Simulation Results
In this section, system-level evaluation of the UE-centric gNB-aided scheme outlined in the previous section is provided. The non-full-buffer system-level evaluation is carried out for UMi channel model in medium (50% target RU) traffic loading scenario and SU-MIMO. The results are provided for 4 and 8 antenna ports with (N1, N2) = (2, 1) and (4, 1) at the UE where we assume that the first dimension is horizontal and the second dimension is vertical. The relevant simulation parameters are enlisted in Table 1. For 4-Tx, LTE UL 4-Tx codebook is considered as reference and the performance is compared with LTE DL Rel. 8 4-Tx and LTE DL Rel. 12 4-Tx codebooks. For 8-Tx, LTE Rel. 10 codebook is considered as reference. For these codebooks, the simulation results are provided for the following cases: 
· (Config 1) TPMI indicates a WB pre-coder for UL transmission. 
· (Config 2) TPMI indicates a WB beam group comprising of 4 DFT beams in the Type I W1 codebook (for L = 4) [5] and the UE performs the linear combination of the 4 beams to determine the pre-coder for UL transmission (relying on DL CSI-RS). 
· DL-UL channel reciprocity is assumed. Impairments due to CSI-RS measurement at the UE are taken into account. 
The simulation results are shown in Figure 3 and Figure 4 for 4-Tx and in Figure 5 and Figure 6 for 8-Tx. The following observation can be made:

Observation: 
· For 4-Tx and Config 1 (TPMI indicates a pre-coder), the dual-stage codebook shows ~4-6% and ~38-51% gain in avg. and 5% UPT respectively when compared with LTE UL codebook.
· For both 4-Tx and 8-Tx, Config 2 (TPMI indicates a pre-coder/beam group) exhibits significant performance gain over Config 1; ~19-27% and ~222-484% gain in avg. and 5% UPT respectively.


[bookmark: _Ref481707478]Figure 3: 4Tx, Rank 1

[bookmark: _Ref481707479]Figure 4: 4Tx, Rank 2


[bookmark: _Ref481707481]Figure 5: 8Tx, Rank 1

[bookmark: _Ref481707483]Figure 6: 8Tx, Rank 2

5 Conclusions
In this contribution, Samsung’s view on UL MIMO for NR is presented. 
The following can be observed:
· DL-UL channel reciprocity does not imply DL-UL interference reciprocity in most scenarios
· In the absence of UL interference profile at the UE, non-codebook/SRI-only-based UL transmission scheme cannot guarantee reasonable UL CSI acquisition at the gNB even when DL-UL channel reciprocity is feasible. 
· DL-UL channel reciprocity does not imply DL-UL interference reciprocity 
· Even in a hypothetical single-cell scenario (absence UL inter-cell interference), its performance cannot exceed that of codebook/TPMI-based scheme with a small-size codebook.   
· In multi-beam TDD-based based system, DL-UL channel reciprocity does not hold in some scenarios, e.g.
· Beams at TRP and/or UE are different between DL and UL
· UE’s DL and UL are connected with different TRPs
· For 4-Tx and Config 1 (TPMI indicates a pre-coder), the dual-stage codebook shows ~4-6% and ~38-51% gain in avg. and 5% UPT respectively when compared with LTE UL codebook.
· For both 4-Tx and 8-Tx, Config 2 (TPMI indicates a pre-coder/beam group) exhibits significant performance gain over Config 1; ~19-27% and ~222-484% gain in avg. and 5% UPT respectively.

Our proposals are summarized as follows:
· Non-codebook/SRI-only-based UL transmission scheme (the so-called “Scheme B”), where TPMI is not included in an UL-related DCI, is not supported in Phase I NR
· To be further studied in Phase II NR along with a DL signaling mechanism for UL interference information 
· For CSI-RS based UL precoding in multi-beam system, NR should support UL Rx beam based CSI-RS transmission
· Support the following extension of codebook/TPMI-based transmission scheme via two configurations of TPMI: 
· Config 1: TPMI+TRI indicates precoder from a codebook
· “LTE-like” transmission scheme
· Config 2 (extension): TPMI+TRI indicates precoder subset/group from a codebook 
· Can be used with CSI-RS when DL-UL channel reciprocity is feasible 
· With dual-stage codebook (), index can be used
· Two different TPMI functionalities (e.g. precoder and precoder group indication for single TPMI, “subband” precoder and “subband” UL interference profile for multiple TPMIs) can be either semi-statically (RRC) or dynamically (DCI) switched
· FFS between RRC and DCI 

References
[1] [bookmark: _Ref458614461]3GPP, RAN1 NR Ad-Hoc, Chairman’s Notes
[2] [bookmark: _Ref481021438]3GPP, RAN1#88, Chairman’s Notes
[3] [bookmark: _Ref481021440]3GPP, RAN1#88bis, Chairman’s Notes
[4] 3GPP, R1-1707944, Samsung, UL codebook-based transmission
[5] R1-1707961, “ Type I CSI reporting,” Samsung
Appendix A: Simulation Assumptions 
[bookmark: _Ref427254851][bookmark: _Ref458526226]Table 1: Simulation Parameters
	Parameters
	Values

	Simulation Type
	Non-full-buffer (Medium load 50% Target RU, Lambda = 3)

	Channel model
	UMi-4GHz, 120 downtilt

	Number of BS (H,V) antenna elements
	(4,4), x-polarized, subarray partition, 4x1 virtualization

	gNB: (N1,N2, P)
	4 ports: (2,1,2)

	gNB (H,V) antenna spacing
	(0.5, 0.8)λ

	BS and MS antenna polarizations
	BS: (+45°,-45°); MS: (0°, 90°)

	UE: (N1,N2, P)
	4, 8 ports: (2,1,2), (4,1,2)

	UE (H, V) antenna spacing
	(0.5, -)λ

	SU pre-coding
	Conjugate beamforming

	Scheduling
	SU, Proportional fair

	[bookmark: _GoBack]Channel estimation (DMRS) and measurements (SRS, CSI-RS)
	Non-ideal

	Transmission rank
	1,2

	Receiver
	MMSE-IRC

	Codebook
	4Tx: LTE UL codebook, LTE DL Rel. 12 codebook
8Tx: LTE DL Rel. 10 codebook
For beam grouping: Type I W1 codebook with (O1,O2) = (4,-) [5] 



LTE UL CB	

Avg. UPT	50% UPT	5% UPT	1	1	1	LTE Rel 8 DL CB	
Avg. UPT	50% UPT	5% UPT	0.98011541403045266	0.97930393647575609	0.72164948453608246	LTE Rel 12 DL CB	
Avg. UPT	50% UPT	5% UPT	1.0563164847389279	1.0648758236188547	1.3780068728522339	4 DFT beams+LC	
Avg. UPT	50% UPT	5% UPT	1.2684419105888898	1.4342794390944416	4.8384879725085908	



LTE UL CB	

Avg. UPT	50% UPT	5% UPT	1	1	1	LTE Rel 8 DL CB	
Avg. UPT	50% UPT	5% UPT	1.0213886146758802	1.0296430512774053	1.2392566782810686	LTE Rel 12 DL CB	
Avg. UPT	50% UPT	5% UPT	1.0415268180322474	1.0508063054901251	1.5110336817653891	4 DFT beams+LC	
Avg. UPT	50% UPT	5% UPT	1.2333991444554129	1.3251676028265991	3.8838559814169571	



LTE Rel 10 CB	

Avg. UPT	50% UPT	5% UPT	1	1	1	4 DFT beams+LC	
Avg. UPT	50% UPT	5% UPT	1.2323019221753397	1.3259098672973328	3.9399999999999995	



LTE Rel 10 CB	

Avg. UPT	50% UPT	5% UPT	1	1	1	4 DFT beams+LC	
Avg. UPT	50% UPT	5% UPT	1.19393857394128	1.2635504724017901	2.2200267916945742	



image2.emf
3) UE transmits on UL data channel using precoder P

Codebook-based UL Tx scheme –TPMI config 1 (non-reciprocity)

gNB

UE

1) UE transmits SRS

2) UE receives UL DCI containing TPMI (indicating precoder P)

3) UE transmits on UL data channel using precoder P 

calculated from CSI-RS and P=GV

Codebook-based UL Tx scheme –TPMI config 2 (reciprocity)

gNB

UE

1) UE transmits SRS

2A) UE receives UL DCI containing TPMI (indicating precoder group G)

2B) UE receives and measures CSI-RS


oleObject1.bin
1) UE transmits SRS


3) UE transmits on UL data channel using precoder P


Codebook-based UL Tx scheme – TPMI config 1 (non-reciprocity)


gNB


UE


2) UE receives UL DCI containing TPMI (indicating precoder P)


3) UE transmits on UL data channel using precoder P calculated from CSI-RS and P=GV


Codebook-based UL Tx scheme – TPMI config 2 (reciprocity)


gNB


UE


1) UE transmits SRS


2A) UE receives UL DCI containing TPMI (indicating precoder group G)


2B) UE receives and measures CSI-RS



image1.png
TRP

UE

Different beams

between DL and UL

TRP1 TRP2

((o)) ((o))

\/

UE

Different TRPs
between DL and UL




