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Introduction
In RAN1 NR-AH, the following agreement on UL MIMO was made [1]:
	Agreements:
· Support at least the following UL transmission schemes for data in NR
· Scheme A: Codebook based UL transmission
· Support frequency selective precoding for CP-OFDM when the number of transmission port is greater than X (FFS: Value of X).
· Study codebook design including single-stage and multi-stage, e.g., W1W2 structure, codebook 
· Study the following DL signaling, e.g.,
· One level DCI
· Two level DCI
· MAC CE
· DCI associated with PDSCH (like UCI associated with PUSCH in LTE)
· 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
· Support PRB bundling for CP-OFDM
· Study configurability of PRG size for CP-OFDM
· Study the PRG size
· FFS: Single port transmission is supported for the UE capable for multiple antenna port transmission.



[bookmark: _Ref446598547]This contribution addresses two issues related to the highlighted part of the agreement: 
1. Features required for scheme B
2. DL control signaling for scheme B
3. Merging between scheme A and scheme B 

Features required for scheme B
1 
For UL SU-MIMO, non-codebook based transmission is relevant only when full-reciprocity is available between DL and UL. In this case, the primary motivation is perhaps two-fold: reducing DL control signaling overhead (required for codebook-based UL transmission) and allowing the UE to determine its own precoders. In this sense, the following factors should be considered. 
First, use cases with full- or partial-reciprocity can still reuse the same set of tools available for scheme A such as TPMI-TRI signaling – along with the support for frequency-selective precoding. This is reasonable since reciprocity happens only for channel measurement. In general, interference profile is not reciprocal between UL and DL (even worse, interference profile can be frequency selective at times). Therefore, the additional support for UL non-codebook-based transmission is justifiable only when DL control overhead saving and UL throughout gain are sufficient.
Second, when DL-UL reciprocity is feasible such as for TDD scenarios, a UE can obtain an estimate of UL channel from measuring DL CSI-RS. In this case, the UE can calculate its own precoder for a given resource allocation. This seems to obviate the need for signalling TPMI via a DL control channel and require no additional DL control overhead. As mentioned before, however, although the UE is capable of obtaining an estimate of UL channel to derive its precoder, this precoder calculation can be inaccurate due to the absence of UL interference information (primarily intra-cell interference, which can only be obtained at the gNB). This is especially relevant when UL multi-user MIMO (MU-MIMO). Some “assisting information” from the gNB seems required. 
In this case, a UE-centric gNB-aided UL precoder selection can be performed as follows. First, the gNB signals (via the UL-related DCI or a DL channel) some form of UL CSI to the UE which captures UL interference information or limits the UL precoder search within a subset of precoders which minimizes UL interference. This is calculated by the gNB from UL CSI-RS (SRS). Then, upon receiving such information from the gNB, the UE can utilize this information along with DL CSI-RS to select the UL precoder. This information can be in the form of TMPI, either one (comprising, e.g. an indicator of precoder group from which the UE can select) or multiple (comprising, e.g. UL interference indication per “subband”). 
Third, to support rank determination by the gNB, TRI is still needed and common between scheme A and B.  

Observation:
· DL-UL channel reciprocity does not imply DL-UL interference reciprocity in most scenarios
Proposal: 
· The support of scheme B (or the extent to which scheme B is supported) should be conditioned on measurable DL control overhead saving as well as significant UL throughout gain 
· For scheme B, potential use of DL CSI-RS for UL CSI acquisition (in conjunction with SRS) allows the UE to select its own precoder(s) yet not without any aid from gNB
· Both TPMI (single and multiple) and TRI are still needed in UL-related DCI
· TPMI can be used to indicate, e.g. precoder group or UL interference profile, for aiding UE to select its precoder(s)

For multi-beam system, 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. Fig. 1 illustrates such scenarios

Observation:
· In multi-beam 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
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Figure 1. Some cases without DL-UL channel reciprocity in multi-beam based systems

For the scenarios illustrated in Fig.1, 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. 
For the cases in Fig.1, 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.

Proposal: 
· For CSI-RS based UL precoding in multi-beam system, NR should support UL Rx beam based CSI-RS transmission

If UL transmission scheme A and B can be switched dynamically, then TRP can select scheme A or scheme B considering feasibility of DL-UL channel reciprocity. Similarly, if scheme A and scheme B are merged into a single UL transmission scheme, the UL TPMI functionality can be dynamically changed within the single UL transmission scheme.

Proposal: 
· When  DL-UL channel reciprocity is feasible, NR should support one of the following at least for multi-beam system
· Dynamic switching of UL transmission schemes A and B, if two distinct transmission schemes (A and B) are supported
· Dynamic switching of TPMI functionality if scheme A and scheme B are merged into one transmission scheme



Merging between scheme A and scheme B
2 
3 
Based on the above discussion, the essential features required to support scheme B seem to have overlapped with those of scheme A –including the required DCI fields (TPMI and TRI). Therefore, the use of a common DCI design for scheme A and B seems plausible. In fact, scheme A and B can be merged into a single transmission scheme utilizing a single DCI format. 
Yet it is still possible to support at least two different functionalities of TPMI as discussed above. For instance, 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: 
· Scheme A and B can be merged into a single UL transmission scheme
· Scheme A and B mostly differ only in TPMI functionality/interpretation 
· 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 

4 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
Our proposals are summarized as follows:
· The support of scheme B (or the extent to which scheme B is supported) should be conditioned on measurable DL control overhead saving as well as significant UL throughout gain 
· For scheme B, potential use of DL CSI-RS for UL CSI acquisition (in conjunction with SRS) allows the UE to select its own precoder(s) yet not without any aid from gNB
· Both TPMI and TRI are still needed in UL-related DCI
· TPMI can be used to indicate, e.g. precoder group or UL interference profile, for aiding UE to select its precoder(s)
· For multi-beam systems:
· For CSI-RS based UL precoding in multi-beam system, NR should support UL Rx beam based CSI-RS transmission
· When  DL-UL channel reciprocity is feasible, NR should support one of the following at least for multi-beam system
· Dynamic switching of UL transmission schemes A and B, if two distinct transmission schemes (A and B) are supported
· Dynamic switching of TPMI functionality if scheme A and scheme B are merged into one transmission scheme
· Scheme A and B can be merged into a single UL transmission scheme
· Scheme A and B mostly differ only in TPMI functionality/interpretation 
· 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: _GoBack]3GPP, R1-1705335, Samsung, UL codebook-based transmission

image1.png
TRP
(te)) TRP1 TRP2

(M) (M)

N
”&D“ \ /

UE UE

Different beams Different TRPs
between DL and UL between DL and UL





