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Introduction
In RAN1#86bis, two SRS related WFs [1-2] were discussed.  Some agreements are as follows [3].
· NR supports configurable SRS bandwidth
· Partial-band size can be configured
· Partial-band is smaller than the largest transmission bandwidth supported by the UE
· Within a partial-band the PRBs for SRS transmission can at least be consecutive in the freq. domain
· FFS: Size of partial band
· FFS: Non-consecutive within partial band
· FFS: Multiple partial-bands transmitted simultaneously considering impact with OFDM and DFT-S-OFDM waveforms
· FFS: Simultaneous transmission can be from multiple panels.
· FFS: Frequency hopping of partial bands 
· Full band size can be configured
· Equal to the largest transmission bandwidth supported by the UE 
· NR supports aperiodic SRS transmission triggered by the network
· FFS on other trigger mechanism, e.g. event triggered
· FFS on multi-shot SRS transmission, e.g. the UE transmits SRS multiple times with single trigger from network  
· FFS: NR supports at least one of followings 
· Periodic SRS transmission
· Semi-persistent SRS transmission
· FFS: NR supports multiple numerologies for SRS transmission from one UE

· 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 this contribution, we discuss some high-level design principles of SRS.
Discussion
To exploit UL-DL reciprocity, RS for UL channel sounding is needed.  SRS is transmitted on the UL to allow the TRP to estimate the UL channel state.  In this section, we discuss some high-level design principles of SRS in NR, including sounding bandwidth, multiplexing, dynamic sounding management, precoded sounding, etc.
Sounding bandwidth
Wideband sounding allows the TRP to estimate the UL channel state on the whole system bandwidth, which provides the flexibility to do frequency domain scheduling.  But for cell-edge UEs, if the limited transmit power is split to all its transmit antennas to perform wideband sounding, the UL channel estimation quality may not be guaranteed.  One way to tackle this issue is to allocated all the available transmit power to a smaller bandwidth partition to sound all the transmit antennas.  To acquire channel state of the whole system bandwidth, frequency hopping can be introduced to sound each bandwidth partition in a TDM manner.  The frequency hopping can be performed in multiple subframe as in LTE, or in multiple symbols.  One potentially issue with subframe-level frequency hopping is that the channel state obtained in different subframes may suffer from phase rotation due to channel decorrelation between subframes.  The performance of symbol-level hopping is limited by tradeoff between the power-amplifier re-tune delay and backoff.  Besides, cell-edge UEs are unlikely to have high-rank MIMO transmission.  The accurate channel state on a fewer antennas could be more useful than inaccurate channel knowledge on all transmit antennas.  Hence, we may alternatively consider to use the limited transmit power to sound fewer antennas on a wider bandwidth.  This could allow the TRP to have a better channel estimation on a subset of transmit antennas.  Essentially, it’s about the tradeoff between the channel estimation quality and the spatial dimensionality.  
Proposal 1: Study various wideband and narrow band sounding approaches to understand their impact on channel estimation quality and spatial dimensionality.
SRS Multiplexing
Essentially, SRS can be multiplexed using TDM, FDM and CDM.  TDM-based multiplexing is useful when a power-amplifier need to be shared by multiple transmit.  In such case, concurrent sounding on all transmit antennas is impossible.  Different antennas have to be sounded in multiple subframes/symbols.  For CDM based approach, both orthogonal and non-orthogonal multiplexing can be considered.  The orthogonal multiplexing may be achieved by using different cyclic shift of a Zadoff-Chu sequence as the SRS sequence in frequency domain, while the pseudo noise sequences may be employed for non-orthogonal multiplexing of SRSs.  The capacity of orthogonal multiplexing is bounded by delay spread of the channel.  The capacity of non-orthogonal multiplexing is limited by cross-interference.  Due to low SNR operating point, non-orthogonal multiplexing can multiplex much more UEs than orthogonal multiplexing.  For FDM based approach, the whole system bandwidth can be partitioned into multiple “combs.”  SRSs are FDMed across combs and then CDMed within a comb.  Compared to full bandwidth spread (i.e., CDM only), such FDM/CDM based approach can provide the same multiplexing capacity and 3dB higher sounding SNR.  In a cell, there exists UEs operating at high SNR and UEs operating at low SNR.  A hybrid SRS multiplexing scheme can avoid that the high power UEs wipe out low power UEs.  For example, as shown in Figure 1, there are some cell center UEs need 64QAM PDSCH with SU/MU-MIMO, which requires high SRS SNR for channel estimation quality.  SRSs of those UEs with high SNR operating point can share one comb using orthogonal multiplexing, while non-orthogonal multiplexing is applied on another comb for those UEs with low SNR operating point. 
Observation 1: Non-orthogonal sequence can be used to multiplex more SRS ports.
Proposal 2: Support hybrid SRS multiplexing using different sequences on different combs.
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Figure 1  Hybrid SRS multiplexing to deal with UE power imbalance.
Dynamic sounding management
Since LTE Rel-10, a UE may be configured to transmit SRS on multiple antenna ports of a serving cell.  The number of antenna ports may be configured by higher layer signaling.  A UE configured for SRS transmission on multiple antenna ports shall transmit SRS for all the configured antenna ports within one SC-FDMA symbol of the same subframe.  A real-world multi-antenna UE, however, may have dissimilar radiation patterns at different antenna ports due to mutual coupling.  Sounding imbalanced antennas may lead to inefficient power utilization.  As the MIMO channel between the imbalanced UE antennas and the eNB antennas could be rank-deficient, sounding all UE antennas can be a waste of power.  Especially for the cell-edge UEs, the limited transmit power should be allocated to some “good” antennas, instead of splitting the power on all UE antenna ports.  To tackle this issue, dynamic sounding port management can be considered.  A UE can be configured with a maximum number of antenna ports for UL sounding by higher layer.  A UE can dynamically manage a subset of UL antenna ports based on its own measurement or receives an indication of a subset of UL antenna ports for transmitting SRS.  For example, the UE may be configured with up to 8 antenna ports UL sounding, but the SRS is transmitted on only 4 antenna ports in some subframes, and on 6 antenna ports in some other subframes.  
Observation 2: Some UE antennas may be blocked and sounding on those antennas may lead to inefficient power utilization.
Proposal 3: Dynamic management of antenna ports for UL sounding shall be considered.
Precoded/Pre-whitened SRS
In some scenarios, the UE may identify certain precoding to be applied to the SRS in order to improve the quality of the channel sounding.  The precoding to apply to the reference signal may be selected based on an indication by the TRP itself. Such a precoded uplink reference signal may be useful to improve the channel estimation quality.  The SRS precoding matrix may be obtained from DL channel estimation by exploiting channel reciprocity.  A UE may transmit multiple precoded SRS ports to indicate potential UL MIMO precoding candidates.  
Observation 3: Precoded sounding can be useful for reciprocity based UL transmission.
Pre-whitened SRS can be though as another type of precoded SRS.  The UE may estimate the interference covariance matrix,, and use  as the SRS precoding matrix.  The TRP then can estimate the pre-whitened UL channel  from the precoded SRS, which reflects the interference structure observed at the UE.  This can be particularly useful in reciprocity based DL transmission, as the TRP may not only have the DL channel state information from the UL sounding, but also obtain the knowledge of the interference level at the UE side.  The TRP may perform more accurate link adaptation based on the pre-whitened channel estimation. 
Observation 4: Pre-whitend sounding can be used to convey UE interference measurement reporting.
Proposal 4: Study the effect of beam-formed uplink reference signals for NR MIMO.
SRS Channelization
In RAN1#86bis in a WF on Uplink control [4] it was agreed that two UL control channel will be transmitted in both a long and a short duration and a candidate slot structure to be considered is shown in Figure 2. In either long or short duration scenario, a variety of SRS multiplexing options would need to be studied. For example, in a slot with a long UL duration, multiple symbols could carry SRS to improve channel estimation for the cell edge user, or allow for a quick warm-up of the channel estimation filters at the base stations. In a slot with a short UL duration, the limited UL resources will have to be used for both UL control and SRS, and an efficient channelization and multiplexing would be needed. 
Proposal 5: Study channelization and multiplexing options for SRS symbols in both long duration and short duration UL control channel.
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Figure 2 A candidate frame structure being considered in RAN1 based on [3]

Conclusions 
To summarize, we discussed some high-level views on SRS.  We have following observations:
Observation 1: Non-orthogonal sequence can be used to multiplex more SRS ports.
Observation 2: Some UE antennas may be blocked and sounding on those antennas may lead to inefficient power utilization.
Observation 3: Precoded sounding can be useful for reciprocity based UL transmission.
Observation 4: Pre-whitend sounding can be used to convey UE interference measurement reporting.
We propose:
Proposal 1: Study various wideband and narrow band sounding approaches to understand their impact on channel estimation quality and spatial dimensionality.
Proposal 2: Support hybrid SRS multiplexing using different sequences on different combs.
Proposal 3: Dynamic management of antenna ports for UL sounding shall be considered.
Proposal 4: Study the effect of beam-formed uplink reference signals for NR MIMO.
Proposal 5: Study channelization and multiplexing options for SRS symbols in both long duration and short duration UL control channel.
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