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Introduction
In RAN1#85, following agreements were made on antenna modeling at UE: 
Agreements on UE antenna modelling:
· For UE with (Mg, Ng) directional antenna panels.
· Introduce (Ωmg,ng, Θmg,ng) for orientation of the panel (mg, ng), 0≤mg<Mg, 0≤ng<Ng,  where the orientation of the first panel (Ω0,0, Θ0,0) is the same as UE orientation, Ωmg,ng is the array bearing angle and Θmg,ng is the array downtilt angle defined in [TR 36.873].
· For NR MIMO evaluation: 
· Config 1: (Mg, Ng) = (1, 2); Θmg,ng=90; Ω0,1=Ω0,0+180; (dgH, dgV)=(0,0)
· Config 2: (Mg, Ng ) = (1, 4); Θmg,ng=90; Ω0,1=Ω0,0+90; Ω0,2=Ω0,0+180; Ω0,3=Ω0,0+270; (dgH, dgV)=(0,0)
· Other configurations can have panel specific position offset (dgH, mg, ng, dgV, mg, ng). Note in this case the notation of (Mg, Ng) does not leads to rectangular shape.
· UE orientation for mobile device (Ω0,0, Θ0,0)=(U(0,360), 90); UE orientation for customer premise equipment (CPE) can be optimized 
· Each antenna array has shape dH=dV=0.5λ
· Config 1 can be used with config a/b; Config 2 can be used with config c/d/e
· Config a: (M, N, P) = (2, 4, 2), the polarization angles are 0 and 90
· Config b: (M, N, P) = (4, 4, 1) , the polarization angle for even panel is 0 and for odd panel is 90
· Config c: (M, N, P) = (2, 2, 2), the polarization angles are 0 and 90
· Config d: (M, N, P) = (2, 4, 1) , the polarization angle for even panel is 0 and for odd panel is 90
· Config e: (M, N, P) = (1, 4, 2), the polarization angles are 0 and 90
· FFS: Other configurations, e.g. (M, N, P) = (4, 4, 2) or (M, N, P) = (4, 8, 1) can be considered for 70GHz band, without exceeding the limit on the maximum number of UE antenna elements
· The antenna elements of the same polarization of the same panel is virtualized into one TXRU
· FFS: one TXRU can connect to different subarrays dynamically
· Note: The channel coefficients for each UE panel can be generated using spatial channel model
· Companies should describe the method used for TRP association with UE-side beamforming
It can be seen that there are 2 or 4 directional panels at UE.
Further in RAN1#87, following agreements were made on SRS transmission:
Agreements:
· In NR, SRS can be configurable w.r.t. density in frequency domain (e.g., comb levels) and/or in time domain (including multi-symbol SRS transmissions)	
· Details FFS
· FFS details on how the set of port(s) and resources for SRS can be indicated by gNB
Agreements:
· For SRS transmission for NR, 
· The size of partial-band is configurable and smallest size can be N PRB(s).
· FFS the value of N
· FFS simultaneous multiple partial-bands transmission is supported depending on UE capability
· NR to support SRS transmission where the numerology(ies) can be configurable for a UE.
· FFS details (e.g., a single vs. multi-numerology by configuration, a single numerology SRS transmission at a time vs. simultaneous multi-numerology SRS transmission, etc.)
Agreements:
· An NR-SRS resource comprises of a set of resource elements (RE) within a time duration/frequency span and N antenna ports (N ≥ 1)
· FFS on the time duration/frequency span
· A UE can be configured with K ≥ 1 NR-SRS resources
· Consider the maximum value of K to be a UE capability to avoid mandatory support for large values of K 

In this contribution we further discuss UL SRS transmission and considerations on design principles.  

Discussion
2.1   Antenna panel and SRS antenna ports
According to the agreements on antenna panels at UE, figure 1 shows two examples of antenna configurations. If antenna elements of the same polarization of the same panel are virtualized into one TXRU, then there are 2 TXRUs per panel in both figures 1 a) and b), however the total number of TXRUs are 4 and 8 respectively. Assuming SRS ports are one to one mapped to TXRUs, there are 4 SRS ports in figure 1 a) and 8 in figure 1 b).

a) config 1, a – antenna elements on 2 sides             b) config 2, c – antenna elements on 4 sides
Figure 1, examples of antenna model
Different assumptions on operation will impact the system design and requirements on SRS transmission. For example, assuming figure 1 a) above, if only one antenna panel is used for SRS transmission at a time, meaning UE selects antenna panel for SRS transmission, then network can configure at most 2 SRS antenna ports for the UE. However, if both antenna panels are simultaneously used for SRS transmission then network can configure up to 4 SRS antenna ports for the UE.  There could be different UE capabilities, e.g., 2 antenna ports or 4 antenna ports capabilities for SRS transmission; network should be able to configure 2 ports SRS even though UE capability is 4 ports, or although network configures 4 ports SRS UE should be able to select 2 ports for SRS transmission. On the other hand, if UE transmits 4 ports SRS network should be able to select 2 ports for UL CSI measurement or DL data transmission.
Proposal1: NR SRS design should support any kind of antenna configuration at UE and should support dynamic port selection either by UE or by gNB.
2.2   SRS resource configuration 
It has been agreed that partial-band size is configurable, and the size in terms of number of PRBs N is FFS.  In LTE, SRS transmission bandwidth can be sub-band or wide-band; similar structure can be used in NR except for replacing wide-band by partial-band since the system bandwidth can be very large. The partial-band size can be similar to largest bandwidth in LTE, e.g. 96 PRBs, and similar tree structure between sub-band and partial-band can be introduced.  There were contributions discussing whether to use different partial-band size for different antenna panels however we don’t see any use case for such configuration. Since different sub-band sizes can be flexibly configured to different UEs, partial-band size N PRBs can be a common size for the UEs in the system. One UE can support more than one partial-band depending on its capabilities.
The frequency density of SRS in terms of comb level can be configurable as in LTE. In NR, the values of comb or RPF 2, 4 can be considered as starting point. Introducing other values needs to have strong motivations. 
In LTE, last symbol of UL subframe is used for SRS transmission except in UpPTS. From system perspective there are multiple symbols in UpPTS for SRS transmission however from UE perspective one UE can transmit only once. The number of symbols for SRS transmission can be configurable in NR. There could be different use cases of multiple symbols for SRS transmission, one use case is increased SRS capacity and another use can UL beam sweeping in high frequency operation. 
It was agreed that an UE can be configured with K ≥ 1 SRS resources; there could be different ways of operation considering beamforming in digital domain or analog domain. If K SRS resources are transmitted with K digital beams the operation could be analogous to LTE class B FD-MIMO in DL where gNB will indicate beam related information together with PMI to UE for UL data transmission. If an UE is equipped with antenna such that only analog beams can be transmitted then K resources can correspond to K analog beams for UL beam sweeping.  For analog beam sweeping in UL, the number of SRS ports could be lower, e.g. 1 port. It is already assumed that for high frequency operation there are multiple antenna panels at UE, however the concept of multiple antenna panels at gNB and UE are different thus there could be different ways of SRS configurations considering the discussion in section 2.1 above. 
Proposal2: the size of partial-band N is relatively a large value in terms of number of PRBs (e.g. 96 PRBs, which is largest SRS bandwidth in LTE) and consists multiple sub-bands which forms tree like structure (as in LTE).
2.3   SRS periodicity
In last meetings, there was some discussion on periodic SRS transmission and semi-persistent SRS transmission for NR. The concept of periodic SRS transmission is same as in LTE which is semi statically configured to UE by network. The concept of semi-persistent is such that SRS resources and related parameters are preconfigured which can be activated or de-activated dynamically. The mechanism of activation or de-activation can be further discussed, however it is preferred that the activation and de-activation is dynamic rather than semi-static. The UE transmits SRS according to preconfigured parameters once it receives activation signal from the network until it receives de-activation signal from the network. The activation and de-activation signals can be sent on DCI which is dynamic compared to configuration of periodic SRS transmission. 
Observation1: semi-persistent SRS transmission is more flexible than periodic SRS transmission.
Aperiodic SRS transmission is supported in LTE, where eNB sends triggering message on DCI and the UE sends one time SRS in UL according to preconfigured parameters. This is very efficient compared to periodic SRS transmission; eNB can trigger the UEs on need basis which saves the overhead. 
Another mechanism known as multi-shot SRS transmission was discussed in LTE Rel-10 timeframe. The concept of multi-shot SRS transmission is that the UE transmits SRS multiple times with single trigger message from the network, where the number of transmission is higher layer configured. If semi-persistent SRS transmission is supported in NR then there is no use case for multi-shot SRS transmission.
Observation2: if semi-persistent SRS transmission is supported in NR multi-shot SRS transmission is not necessary.
2.4   SRS Frequency hopping
In LTE, SRS frequency hopping is supported such that an UE transmits narrow band SRS multiple times with different frequency to scan the whole band. In NR, however, the system bandwidth can be much larger thus a new term “partial-band” is introduced. Similar as in LTE, SRS frequency hopping mechanism is supported in NR, an UE transmits narrow band SRS multiple times with different frequency to scan through a partial-band. Within a hopping cycle numerology of SRS should not change, however in different partial-band or different hopping cycle numerology can be different.
Proposal3: frequency hopping within a partial-band is supported and numerology does not change within a hopping cycle.
2.5   SRS sequence
In LTE, SRS sequence is based on Zadoff-Chu sequences in order to maintain low PAPR. There were some contributions in RAN1#87 discussing whether to use Zadoff-Chu sequences or other sequences for SRS in NR. There were also contributions discussing whether to use single long sequence as in LTE or multiple short sequences concatenated and whether to use Zadoff-Chu sequence on one comb and other type of sequence on another comb. In our view, SRS can be based on Zadoff-Chu sequence in NR and we don’t see any motivation for using different sequences on different combs. In LTE, SRS transmission bandwidth can vary from 4 PRBs to 96 PRBs, which means the UEs with different SRS bandwidths are efficiently supported. The main motivation of using concatenated shorter sequences for SRS transmission is that different sequences of UEs transmitting simultaneously with different bandwidths can be orthogonal however it may not be significant as in DL transmission. Thus we have proposal:
Proposal4: SRS sequence is based on  Zadoff-Chu sequence. 
2.6   Precoded vs Non-precoded SRS
The main motivation of SRS precoding is to increase UL coverage, however since SRS can be used for obtaining UL CSI or DL CSI where channel reciprocity holds. It should be first clarified what does precoding mean? As shown in figure 1 above, the number of TXRUs may be small compared to number of antennas at UE. In the context of higher frequency operation analog beamforming for SRS will be vital thus further precoding in digital domain doesn’t bring additional benefit.  How SRS precoding is done should be further clarified with multi antenna panels at UE. Thus we have an observation:
Observation3: benefit of digital domain precoding of SRS is not clear. 
2.7   Multiple numerologies for SRS
It was agreed in last meeting that numerologies can be configured to a UE, however details are FFS.  An UE may be operating in different numerologies; numerologies for data transmission may change dynamically according to operating frequency at the moment. Thus it is beneficial to configure multiple numerologies for SRS transmission to UE, however there seems no use case for an UE to transmit SRS with different numerologies simultaneously. It was already agreed that an UE can be configured with K≥1 SRS resources, at least one SRS resource can be configured with different numerology, for example, larger sub-carrier spacing is used for SRS transmission in higher frequency and smaller sub-carrier spacing is used for SRS transmission in lower frequency by the same UE. Therefore we have following proposal:
Proposal5: NR supports configuration of multiple numerologies for SRS transmission to an UE however simultaneous transmission with multiple numerologies by an UE is not supported.
2.8   SRS for UL beam sweeping
For higher frequency, similar to beam sweeping in DL, beam sweeping in UL would also be necessary if beam correspondence cannot be guaranteed. Similar options (option 1, option 2 and option 3) in CSI-RS for beam management can be considered in SRS for UL beam management, where dedicated SRS symbols are used. Since SRS transmission bandwidth can smaller different UEs can be multiplexed in frequency domain for UL beam sweeping.
Proposal6:  NR supports SRS for UL beam sweeping.
Conclusions
In this contribution we discussed several aspects of SRS transmission in NR. We have following observations and proposals:
Observation1: semi-persistent SRS transmission is more flexible than periodic SRS transmission.
Observation2: if semi-persistent SRS transmission is supported in NR multi-shot SRS transmission is not necessary.
Observation3: benefit of digital domain precoding of SRS is not clear. 

Proposal1: NR SRS design should support any kind of antenna configuration at UE and should support dynamic port selection either by UE or by gNB.
Proposal2: the size of partial-band N is relatively a large value in terms of number of PRBs (e.g. 96 PRBs, which is largest SRS bandwidth in LTE) and consists multiple sub-bands which forms tree like structure (as in LTE).
Proposal3: frequency hopping within a partial-band is supported and numerology does not change within a hopping cycle.
Proposal4: SRS sequence is based on  Zadoff-Chu sequence. 
Proposal5: NR supports configuration of multiple numerologies for SRS transmission to an UE however simultaneous transmission with multiple numerologies by an UE is not supported.
Proposal6:  NR supports SRS for UL beam sweeping.
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