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Introduction
In RAN1#86bis, the following agreement was made:
· At least one of precoded and non-precoded SRS based UL link adaptation procedure should be supported in NR, with at least following different procedures:
· UL data scheduling (MCS/precoder/rank) is based on non-precoded SRS transmission by UE
· Configurable number of SRS ports are 1, 2, 4, or [8]. Other possible numbers FFS.
· FFS on precoder/codebook
· UL data scheduling (MCS/precoder/rank) is based on precoded SRS(s) transmission by UE
· Configurable number of SRS ports are 1, 2, or 4. Other possible numbers FFS.
· Multiple precoded SRS resources (if supported) can be configured.
· At least one of the following is supported
· Precoder for SRS can be determined by UE based on measurement on DL RS and 
· Precoder for SRS can be indicated by gNB
· FFS on precoder/codebook
· UL data scheduling (MCS/precoder/rank) is based on a combination of non-precoded and precoded SRS transmission by UE
· Note: Some parts of above procedures might be transparent to UE
FFS: UE may select a subset of SRS ports for SRS transmission

In RAN1#87, the following agreement was made:
·  Frequency selective precoding is supported for UL MIMO with CP-OFDM waveform when the transmission ports is greater than X
· Following examples can be studied
· Example 1: Precoding information for a given partial BW is explicitly indicated by gNB
· The precoding information can be indicated through a hierarchical indication manner with wideband W1 and subband W2
· W1 and W2 can be signaled in one DCI or two separate DCIs
· Example 2: A single beam group in UL codebook is indicated by BS for UL transmission in perspective of the system bandwidth
· Example 2a: Precoder cycling  is adopted within the beam group 
· Example 2b: The UE has certain flexibility to decide which particular beam/precoder in the beam group for actual transmission.
· Example 3: Reciprocity based precoding
· Other examples are not precluded
· FFS: X value



In this contribution, we discuss codebooks and number of SRS ports for non-precoded SRS ports.

[bookmark: _Ref178064866]Discussion
We define the non-precoded SRS transmission scheme such that the set of radio chains used by each SRS port are disjoint between SRS ports (note that each SRS port can be connected to one or more radio chains, hence the use of a “set”). Precoding over non-precoded SRS-ports can hence be done without sacrificing output power due to un-even power amplifier load. This is the framework assumed for LTE UL MIMO, although there was a constraint on cubic metric (CM) preserving codebook design. Hence, for LTE codebook, each antenna port (i.e. SRS port) carries only one of the transmitted layers since mixing layers would destroy the CM property of the signal. However, since it has been agreed that NR will use CP-OFDM for multi-layer UL transmission, the single-carrier property of the signal is anyway broken and thus, a CM preserving codebook design may not be warranted.
[bookmark: _Toc471396141]CM preserving design criterion of LTE UL codebook needs to be revisited for NR UL codebook for non-precoded SRS transmission since CP-OFDM waveform is used
The antenna array topology at UEs is expected to be arbitrary in respect of antenna element radiation patterns, polarization properties, antenna element separations and pointing directions. For UE implementations, especially at higher frequencies, it is expected that the different antenna arrangements within a UE (where each antenna arrangement, e.g. a single antenna element or a panel, is assumed to be connected to one baseband port) will experience channels with low or no correlation, for example due to radiation patterns pointing in different directions, large separation between the antenna arrangements or orthogonal polarizations. 
Hence, it is desired to create a codebook with precoders that spans the space of uncorrelated channels in a good way and the DL codebooks which are based on a uniform linear array of antenna elements or subarrays, with equal antenna elements, cannot be applied for terminals. 
[bookmark: _Toc471396142]To support full UE antenna implementation freedom, codebook for non-precoded SRS should be designed under assumption of no channel correlation

[bookmark: _Toc471396063][bookmark: _Toc471396126][bookmark: _Toc471396146]Design a codebook that aims to span the full space 
Due to the assumption that different antennas at a UE are expected to have low correlation to each other we do not see a need for a two-step codebook, W=W1W2 (as defined in DL for LTE) since this structure is specifically tailored to separate wideband (and potentially slowly varying) and subband behaviour. 
[bookmark: _Toc471396143][bookmark: _Toc471396144]A two-step codebook as W=W1W2 as in DL is not suitable for UL transmission in NR.

On the need for SRS Port Configuration process
One difference between UL and DL transmission is that individual antenna ports at the UE have a larger probability of being blocked by nearby objects (for instance the hand or body of the user), and so, some antenna ports at the UE may experience a substantially larger path loss than others. For optimal precoding performance, this blocking needs to be taken into account so that UL TX power is not wasted on weak antenna ports. In LTE UL, this is achieved by including antenna sub-selection components in the codebook, i.e. including precoders where some rows are set to zero. However, as antenna blocking can be more of a slow fading mechanism, it may be suboptimal to handle it via the short-term CSI feedback as this may lead to unnecessarily large CSI feedback overhead. Furthermore, if an SRS antenna port is blocked, it may be unnecessary to frequently transmit an SRS on that port as it should not impact precoding and link adaption. Instead, UE TX power and SRS resources could be saved by sounding the blocked port more infrequently, for the purpose of observing when the port becomes unblocked again.
[bookmark: _Toc471396145]Potential for saving CSI feedback overhead, UE TX power and SRS resources if antenna port blocking is handled on a slower timescale than the dynamic CSI feedback
We therefore see the need for an SRS port configuration process, initiated by the network, to handle these relatively slow changes, e.g. cycle time in the order of 100 ms. The purpose is for the network to assign a certain number of SRS ports available for the UE and which baseband ports on the UE, if any, that shall not be used for transmission. For example, in case on antenna arrangement connected to a baseband port is blocked, the network can temporarily turn off the SRS transmission from that baseband port. This means that CSI feedback overhead can be saved as a codebook for a smaller number of ports can be used. 
[bookmark: _Toc471396064][bookmark: _Toc471396127][bookmark: _Toc471396147]Study the need of, and mechanism of, an SRS port configuration process for optimizing the number of SRS ports 
 It was agreed in RAN1#86bis that the number of non-precoded SRS ports shall be reconfigurable and take the numbers 1, 2, 4, or [8], other numbers for FFS. As UE output power will be a scarce resource it is important that power is not wasted on blocked radio chains. For example, in case of blocking one out of 4 antennas it shall be possible to transmit 3 SRS ports. Hence we propose to use 1, 2, 3, 4, 6 and 8 ports to enable adaptation of the number of ports to the current situation. Furthermore, “advanced CSI”-type of feedback with non-constant modulus codebook is likely not warranted for the uplink.
[bookmark: _Toc471396067][bookmark: _Toc471396130][bookmark: _Toc471396150]
[bookmark: _GoBack]Strive for a scalable codebook design that can support precoding over 2, 3, 4, 6, and 8 non-precoded SRS-ports.
UL MIMO precoders for non-precoded SRS shall be constant modulus
Conclusions
In this contribution we made the following observations:
Observation 1	CM preserving design criterion of LTE UL codebook needs to be revisited for NR UL codebook for non-precoded SRS transmission since CP-OFDM waveform is used
Observation 2	To support full UE antenna implementation freedom, codebook for non-precoded SRS should be designed under assumption of no channel correlation
Observation 3	A two-step codebook as W=W1W2 as in DL is not suitable for UL transmission in NR.
Observation 4	Potential for saving CSI feedback overhead, UE TX power and SRS resources if antenna port blocking is handled on a slower timescale than the dynamic CSI feedback

Based on these observations, we have made the following proposals:
Proposal 1	Design a codebook that aims to span the full space
Proposal 2	Study the need of, and mechanism of, an SRS port configuration process for optimizing the number of SRS ports
Proposal 3	Strive for a scalable codebook design that can support precoding over 2, 3, 4, 6, and 8 non-precoded SRS-ports.
Proposal 4	UL MIMO precoders for non-precoded SRS shall be constant modulus.
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