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In RAN1#89 [1] and RAN1 NRAH1706 [2], the following agreements were made for SRS design:
	Agreements:
· When UE beam correspondence is not hold, 
· NR supports a UL RS indication for a configured SRS resource, where UE transmits the SRS using the beam used for transmitting the indicated UL RS
· The UL RS indication can be SRI (SRS resource indicator), at least
· FFS: The indication via MAC CE and/or DCI

· When UE beam correspondence holds,
· NR supports the indication for a configured SRS resource, where the transmission of the SRS resource is performed with the same spatial filtering as the one used for the reception of the indicated DL RS
· The indication can be based on CSI-RS resource, 
· FFS: signaling details (e.g., a low overhead mechanism, reciprocal QCL (if supported))
· FFS: The indication via MAC CE and/or DCI
· NR supports a UL RS indication for a configured SRS resource, where UE transmits the SRS using the beam used for transmitting the indicated UL RS
· The UL RS indication can be SRI (SRS resource indicator), at least
· FFS: The indication via MAC CE and/or DCI

· For the purposes of DL/UL CSI acquisition and beam management
· A UE can be configured with K >= 1 SRS resources where
· A given X-port SRS resource spans N = 1,2, or 4 adjacent symbols within a slot where all X ports are mapped to each symbol of the resource
· FFS whether or not support N adjacent sub-time-units
· FFS whether or not to additionally support non-adjacent symbols/sub-time-units
· FFS whether to not to additionally N>4
· FFS the details for transmission of SRS (e.g., w.r.t., beams, etc.) within the N symbols/sub-time-units
· FFS whether or not/how to support antenna switching using SRS
· A given SRS resource can be configured as aperiodic, periodic, or semi-persistent, where
· Periodic: The resource is configured with a slot-level periodicity and slot-offset
· Semi-persistent: The resource is configured with a slot-level periodicity and slot-offset
· Multiple SRS resources can be activated/deactivated with a single message
· FFS: Activation/deactivation details
· Aperiodic: The resource is configured without a slot-level periodicity and slot offset
· Multiple SRS resources can be triggered with a single message
· Note: For periodic/semi-persistent, different resources may have different periodicities and/or slot offsets
· FFS the location(s) of SRS symbol(s) within a slot
· FFS: Configuration details including grouping of SRS resources to allow low signaling overhead for indicating allocated SRS resources

· Support gNB to configure one or more groups where each group contains one or more SRS resource(s) to UE
· Note: different groups may be for different purposes, e.g., one or more groups for beam management, one for DL CSI acquisition, one for UL CSI acquisition, etc.


In this contribution we provide our views on above listed further studies with the consideration of using SRS for CSI acquisition and beam management. 
[bookmark: _Ref129681832]Discussion
SRS sequence design
In [2] it has been agreed to support LTE SRS sequence with the option of using additional roots (Opt-3). Moreover, it was agreed to further study the use of Truncated ZC design (Opt-1). We believe that both LTE SRS sequences with additional roots (Opt-3) and Truncated ZC design (Opt-1) should be both supported in NR for different use cases. Detailed discussions are provided in our companion paper [3]. In what follows, we further provide a brief discussion on both LTE design with additional roots and Truncated ZC design.
LTE design with additional roots
NR supports twice as many physical cells as in LTE, much larger UE connection density of 1,000,000  devices/km2, and potentially more SRS ports of up to 8 (FFS) compared to a maximum of 4 in LTE. To multiplex more SRS sequences in scenarios with such enhanced connectivity while maintaining an appropriate SRS reuse distance, more roots are required to generate more sequences. As such, we propose in [3] to have 120 roots for sequence lengths larger than equal to L=144. The root selection can be obtained from this proposal:
 Proposal 1: Either of the following methods P1 and P2 can be used to generate ZC root for each SRS sequence length.
· P1: Similar root selection principle as in LTE using sequence hopping for sequence length larger than 60. In this case, ZC sequence root  is given by:
P1-1) For SRS sequence length 36-60:
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, where  and . 
P1-2) For SRS sequence length 72-120:
· 
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P1-3) For SRS sequence length larger or equal to 144:
· 
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· P2: Equal interval between two subsequent roots for any SRS sequence length. In this case, the ZC sequence root  is given by:
P2-1) For SRS sequence length 36-60:
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, where  and . 
P2-2) For SRS sequence length 72-120:
· 


, where  , .
P2-3) For SRS sequence length larger or equal to 144:
· 


, where  , .


Note that P1 is a natural extension to LTE root selection: P1-1 and P1-2 provide sets of roots identical to LTE for SRS sequence lengths of 36-60 and 72-120, respectively. Moreover, P1-3 provides a set of 60 roots identical to LTE for the case that sequence hopping is enabled in addition to 60 other distinct roots derived when or . For further explanation on the two root selection alternatives, please refer to [3]. 
Truncated ZC design  
NR supports diverse application scenarios in a wide carrier, e.g. reduced UE bandwidth capability scenario and reduced UE energy consumption by means of bandwidth adaptation. Therefore, in NR, a UE can transmit/receive with its UE-specifically configured UL/DL bandwidth part (BWP) which could be smaller than the carrier bandwidth. This new feature will put extra constraints on SRS resource scheduling. SRS resources from UEs configured with different BWP cannot be orthogonal multiplexed by the same/different cyclic shift of same comb because frequency hopping collision will happen otherwise (Figure 1), so they could only be multiplexed in different combs or different slots. 
Considering the system forward capability, if NR would support diversified devices with different transmission capabilities in a wide carrier, the inflexibility of multiplexing may cause many resource fragments or large amount of signalling to indicate multiplexing of SRS and other channels due to the potentially unbalanced distribution of UEs with different transmission capability. Accordingly, the need to support orthogonal multiplexing of partially overlapped SRS resources by cyclic shift becomes demanding in NR, which is also a scenario agreed to be taken into account in RAN1 #88b. As shown in Figure 2, multiplexing of UEs with partially overlapped BWP by different cyclic shift of same comb could greatly increase the scheduling flexibility.
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       Figure 1. Frequency hopping collision.                              Figure 2. SRS scheduling flexibility.
Observation 1: NR should support orthogonal multiplexing of SRS resources from UEs having partial overlapped SRS time-frequency resources.
Therefore, various SRS sequence generation approaches which are resource specific to tackle the ‘partially overlapping SRS’ problem have been proposed, e.g. block concatenated ZC sequences and truncated ZC sequences. As discussed in our companion contribution [3], truncated ZC which enables full scheduling flexibility outperforms block-wise RS design in PAPR/CM, cross-correlation, sequence capacity and sequence generation complexity.
Proposal 2: NR should support both LTE-like ZC sequences and long truncated ZC sequences for SRS sequence design.
Detailed design for SRS resource configuration
On numerology of SRS transmission
As agreed in previous meetings, UE specifically configured BWP has the following properties. 
· A BWP is associated with a certain numerology applied at least to data channel, control channel and corresponding DMRS.
· A BWP spans a frequency range not larger than the UL/DL bandwidth capability of the UE in a component carrier. 
In the following contents, the numerology of SRS transmission is discussed initially considering multiplexing of SRS transmission from different UEs with different BWP as shown in Figure 3, since this issue may have effects on SRS time and frequency resource configuration, SRS bandwidth design and SRS frequency hopping. 
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Figure 3. Multiplexing of UEs with different BWP.
Since data channel of UEs with different numerologies can be multiplexed in FDM/TDM manner in the same carrier, there are two options for configuration of the numerology of SRS transmission:
Option 1: SRS is transmitted with a reference numerology for all UEs in the carrier.
Option 2: SRS is transmitted with the numerology of each UE’s scheduled UL/DL (in TDD) BWP.
In terms of option 1, defining a reference numerology for SRS transmission for all UEs in the cell brings the benefits of flexible scheduling and easy rate matching. However, there are also some drawbacks.  Firstly, a UE may need to transmit signals with two numerologies in one slot which increases the implementation complexity. Secondly, for SRS transmission with larger subcarrier spacing, shorter CP length will lead to inaccurate channel state information of frequency selective channels resulting in performance loss. Finally, some approaches to reusing unoccupied SRS resource have been proposed to improve spectrum efficiency. If a UE transmits SRS in a numerology independent and different from that configured by BWP, it may be inefficient and difficult to multiplex other channels, e.g. PUSCH and PUCCH, with SRS symbols, since guard band is required between transmissions with different numerologies.
In terms of option 2, same with data and control channel, the numerology of a UE’s SRS transmission is configured by associated BWP. From a UE’s perspective, to guarantee the CSI accuracy, it is reasonable to transmit SRS and PUSCH with the same numerology, and in this case reusing of unoccupied SRS resource can be applied to all UEs. 
Proposal 3: From a UE’s perspective, SRS transmission has the same numerology with associated UL/DL (in TDD) BWP within which the SRS is transmitted.
In option 2, an issue which needs to be addressed is how to multiplex SRS transmission with different numerologies in scenario 1 of Figure 1. If SRS transmissions with different numerologies are multiplexed in FDM manner, some aspects should be considered. Initially, the guard band between SRS transmission with different numerologies may make some resources unsounded. Also, in order to support frequency hopping, the SRS bandwidth design for different numerologies will put constraints on each other given that SRS bandwidth should be multiple of 4RB [2]. For example, the LTE SRS bandwidth set  for UEs with 15KHz PUSCH is not appropriate design since the corresponding SRS bandwidth set could only be } for UEs with 30KHz PUSCH and } for UEs with 60KHz PUSCH. Furthermore, considering frequency hopping in different slots, rate matching around SRS resource will become complicated. Therefore, SRS transmissions from different UEs with different numerologies should be multiplexed in TDM manner.
Observation 2: Low design complexity of SRS frequency mapping and hopping can be achieved if SRS transmissions with different numerologies from UEs with overlapped BWPs are TDMed. 
SRS configuration in time domain
In LTE, cell-specific subframe configuration is implemented with the parameter srs-SubframeConfig corresponding to configuration period  and transmission offset indicating the subframes containing cell-specific SRS symbol every 1/2/5/10 subframes. However, in NR, larger subcarrier spacing will be used in high frequency. Moreover, since multiple UEs with different numerologies may be configured with overlapped BWP in NR, the understanding of SRS symbol length and time domain position may be different by these UEs. Hence, cell-specific subframe configuration of SRS in LTE may not be suitable in NR, which will cause limitation of SRS period and collision between SRS and PUSCH from different UEs.
 In LTE, the cell-specific subframe configuration is used for 
1. Rate matching of PUSCH
To determine the possible position of SRS transmission in NR, the gNB can configure rate matching resource or ZP-SRS to guarantee the rate matching of PUSCH. For example, gNB can configure ZP-SRS to one UE to avoid collision with periodic/semi-persistent SRS transmission from other UEs by RRC signaling, and it triggers one or more ZP-SRS or zero power symbols aperiodically to avoid collision with aperiodic SRS from other UES. For the second purpose, the SRS symbol for each UE can be directly configured by UE-specific configuration. Consequently, cell-specific configuration for SRS is not necessary in NR.
Proposal 4: Cell-specific SRS configuration in time domain is not supported in NR.
In LTE, SRS can be mapped in the last symbol for UL subframe and two/four symbols for UpPTS. In NR, it was agreed that one SRS symbols may include at least {1, 2, 3, 4}. Moreover, the number of SRS resources within one slot is not limited currently. However, for slot-based scheduling, if there is also PUSCH transmitted in the same slot, the number of PUSCH symbols should not be too small to restrict PUSCH scheduling, and thus the possible SRS symbols within this slot should be limited. On the other hand, if there is no PUSCH in the slot, all UL symbols can be used for SRS transmission. Consequently, the possible SRS symbols N within one slot is preferred to be N = {1, 2, 3, 4} or N = n, where n equals to {7, 12, 14} as the number of symbols of a UL symbol. 
To further consider the location of these SRS symbols, we prefer to map SRS on the last symbols in the configured slot for the following two reasons:
1. UL symbols are located at the last few symbols in self-contained slot and all of symbols are UL symbols in UL slot. 
2. The front-loaded DMRS is agreement to be mapped at the front of the slot and the additional DMRS position is at the {12th, 11th, 10th, 9th} symbol, and therefore the channel estimation accuracy of the last few symbols of a slot maybe limited for data transmission. 
Observation 3: Considering the UL symbol location and DMRS-based channel estimation accuracy for PUSCH, symbol locations for SRS transmission in NR are preferred to be the last N symbols of the configured slot, where N={1, 2, 3, 4} or N equals to {7, 12, 14} as the number of symbols in the slot.  
For frequency hopping within one bandwidth part, it can be similar to that in LTE. For example, the tree-like frequency position/ hopping pattern can be configured to UE similar to LTE. In detail, the following aspects can be considered for SRS frequency hopping in NR: 
· Strive to reduce the measurement latency especially for the case of large bandwidth 
· Flexibly support for beamformed SRS transmission    
· Flexibly support for beam management and CSI acquisition
· Support full-band measurement based SRS transmission 
Full band sounding region  
In LTE, since all UEs in the same carrier have the same capability and PUCCH region is at the edges of the whole bandwidth, sounding region is configured cell-specifically by parameter srs-BandwidthConfig as in Table 1 to adapt to variable PUCCH region. However, in NR UE can transmit/receive with its UE-specifically configured BWP. Therefore, sounding region cannot be configured cell-specifically but should be determined according to each UE’s BWP.
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	0
	96
	1
	48
	2
	24
	2
	4
	6

	1
	96
	1
	32
	3
	16
	2
	4
	4

	2
	80
	1
	40
	2
	20
	2
	4
	5

	3
	72
	1
	24
	3
	12
	2
	4
	3

	4
	64
	1
	32
	2
	16
	2
	4
	4

	5
	60
	1
	20
	3
	4
	5
	4
	1

	6
	48
	1
	24
	2
	12
	2
	4
	3

	7
	48
	1
	16
	3
	8
	2
	4
	2



Proposal 5: SRS bandwidth setting parameter srs-BandwidthConfig should be UE-specific in NR.
As agreed in [1], PUCCH resource in NR does not have to be located at the edge of carrier or BWP, therefore a UE may choose any resource for uplink scheduling and gNB is assumed to know CSI for all potentially allocated resource. Also, in TDD reciprocity operation, channel state information from full band is especially required for DL scheduling. Hence, full band sounding is required in NR.
Observation 4: A UE should be able to acquire channel information of any resource of its active UL or DL BWP.
In Table 1, each configuration value of  corresponds to a tree-like SRS bandwidth set with certain sounding region. Then UE-specific parameter  determines the specific bandwidth to use from the configured SRS bandwidth set. The tree-like SRS bandwidth design in LTE has the benefits of accurate CSI for power-limited UE, increase multiplexing capacity and reduced signaling by frequency hopping, which are also desired in NR. 
The SRS bandwidth design should depend on the bandwidth candidates of BWP which has not been decided. Nevertheless, it will at least include but not limited to channel bandwidth which could be our primary focus. In order to support full band sounding, NR should support tree-like SRS bandwidth set  with  which is  RB where N is the transmission bandwidth of a BWP (including NR channel bandwidth).
More details on SRS bandwidth and mapping to support full band sounding can be found in our companion’s contribution [4].
Frequency hopping
For the UE-specific SRS bandwidth, it should also be configured in NR for the frequency hopping within the bandwidth which can be used for SRS transmission. For CSI acquisition, the frequency hopping design can be similar to LTE. For beam management, it may not need to measure each PRB due to similar spatial parameters for PRBs within the measured bandwidth. In particular, if the SRS is used for beam management, when SRS frequency hopping is needed, two methods can be used:
· M-1: gNB can configure the UE to transmit SRS on part of frequency domain hopping positions. For this case, gNB can configure part of the frequency domain positions for SRS transmission by indicating the frequency domain position index interval and offset. An example of transmitting SRS on two of four frequency domain positions can be found in Figure 4.
[image: ]
Figure 4.  SRS transmission on part of frequency domain hopping positions
· For this case, frequency domain position of SRS transmission for each hop is part of frequency domain hopping position. UE only transmit SRS for each hop on SRS transmission bandwidth configured by gNB.  In LTE, the SRS transmission bandwidth is the same as SRS hopping bandwidth by default. While in NR, especially for high frequency case and beamformed SRS transmission case, the frequency selective property is not notable. It is possible to substitute part of frequency domain hopping bandwidth as full frequency hopping bandwidth. For example, gNB can configure SRS transmission bandwidth for each hop is a quantized fractional number of SRS hopping bandwidth, e.g. ½, ¼ etc.  An illustration for this scheme can be found in following figure 5. 
[image: ]
Figure 5.  SRS transmission on part of SRS hopping bandwidth
Proposal 6: For beam management, support to sound part of the PRBs within the frequency range to be measured.
Discussion on beamformer/precoder for SRS resource 
In RAN1#89, it was agreed that a UE can be configured with an X-port SRS resource, where the SRS resource spans one or multiple OFDM symbols within a single slot. For simplicity, one SRS resource can be defined within one slot, and possibly with slot level period. When SRS resource is used for different purpose, the value of X may be different. For example, X can be a small number, e.g., X=1 or 2, for beam management, and moreover X can be 1 or larger than 1, e.g., X=4, for CSI acquisition. Therefore, it is preferred to limit the number of Tx beams of each SRS resource to one, i.e., each port of the same SRS resource corresponds to the same Tx beam. In order to measure multiple Tx beams, e.g., from different UE panels, gNB may configure a group of SRS resource with different Tx beams. According to this SRS resource design, the SRS-based UL beam indication can be simplified, e.g., only by indicating SRI(s).
It is agreed that all of the X SRS ports are sounded in each OFDM symbol of the SRS resource. If the number of symbol in one SRS resource is 1 in a single slot, it can be used for CSI acquisition, and a set of multiple such SRS resources can be used for beam management. If the number of symbols in one SRS resource is larger than 1 in a single slot, it can be used for SRS frequency hopping for wideband measurement, UE-to-UE cross-link interference measurement, SRS repetition for coverage enhancement or Rx beam sweeping.
Proposal 7: One X-port SRS resource is associated with only one UE Tx beam .
It was agreed in RAN1#88 that both of two alternatives are supported for SRS Tx beamformer determination for CSI acquisition and beam management:
· Alt.1: UE applies gNB-transparent Tx beamformer to SRS (e.g. UE determines Tx beam for each SRS port/resource)
· Alt.2: based on gNB indication.
Both of these alternatives are suited to different situations as follows:
Alt 1:  “UE applies gNB transparent Tx beamformer for SRS” – is best suited to UEs which have Tx/Rx beam correspondence and have already performed DL measurements which can be used for UE determination of Tx beam-former for SRS. If neither of these conditions is satisfied, UE determined Tx beam-former may be ineffective.
Alt 2: “based on gNB indication” is to be used when the gNB needs to indicate the UE SRS Tx beam direction in an implicit or explicit manner.  From the RAN1#89 meeting it was agreed that different schemes should be used depending upon whether the UE has Tx/Rx beam correspondence or not.  For the case, that the UE does have Tx/Rx beam correspondence the indication is to be done in implicit way, by configuring SRS to indicate a DL reference signal (RS) resource (i.e. CSI-RS) and the UE Rx spatial filtering (Rx beam) receiving this indicated DL RS resource should be used by the UE for the subsequent SRS transmission. Additionally, for the case that the UE does not have Tx/Rx beam, the indication should be done by indicating an uplink reference signal and the UE Tx beam transmitting this uplink reference signal should be used for SRS transmission.
For periodic/semi-persistent SRS transmission, the gNBs indication of UE Tx beam may not need to dynamic. Thus, it is preferred to configure the Tx beam of periodic/semi-persistent SRS transmission by MAC CE, which can be a separate signaling from the configuration of mapping SRS to physical resource. Additionally, if gNB needs to dynamically change the Tx beam of periodic/semi-persistent SRS, it can trigger aperiodic SRS transmission instead. By this design, the SRS Tx beam can be changed during its periodic transmission. For aperiodic SRS transmission, gNB can dynamically configure its Tx beam for fast beam measurement. Hence, it is preferred to use DCI for SRS Tx beam configuration. 
Moreover, since the SRI/CRI is used for indicating the Tx beam of subsequent SRS transmission, the SRS/CSI-RS transmission instance of the SRI/CRI and the SRS transmission instance of the subsequent SRS transmission should be clear. For example, if the UE receive the PDSCH conveying the MAC CE/DCI at slot n, the SRS/CSI-RS transmission instance of the SRI/CRI can be the last k1th transmission before slot n, where k1 can be a configured by gNB or a pre-defined value, e.g., k1=1. Furthermore, the SRS transmission instance of the subsequent SRS transmission can be the first transmission after slot n+k2, where k2≥0. 
Proposal 8: Support to pre-define or indicate the time offset between slot conveying beam indicator and:
· The UL/DL RS (e.g., SRS/CSI-RS) transmission instance of the indicated UL/DL RS (e.g., by SRI or based on CRI).
· The SRS transmission instance using the indicated Tx beam.
Additionally, since SRS resource group is agreed and can be used for beam management, beam indicator for SRS group should also be considered. If r SRS resources are included in the SRS resource group, r beam indicators are needed, and the association between beam indicators and SRS resources should be known by UE. Moreover, for different values of r, the number of beam indicators are also different, which will lead to variable size of signalling or large size of reserved bits for beam indication, especially for DCI. To limit the DCI overhead, if more than one SRS resource are included in the SRS resource group, one option is to allow DCI to trigger a beam indicator group from multiple beam indicator groups pre-configured by high layer signalling, where each beam indicator group contains corresponding number of beam indicators.
Observation 5: The number of required beam indicators is related with the number of SRS resource within the SRS resource group, and the corresponding signaling design should consider the variety of beam indicator number.
Furthermore , it is our view that gNB/ NR cell shall determine which alternative (Alt 1 or Alt 2) to configure for each UE and furthermore which signaling to use for Alt 2, based on the UE beam correspondence capability, the timing and the environment of the scheduled SRS transmission. Furthermore, knowledge of each UEs beam-forming capability (i.e. number of different beam-formed directions per RF chains) and the number of RF chains are required at the gNB/NR cell to determine how many SRS resources should be allocated to each UE for either Alt 1 or Alt 2. This may be indicated as part of UE capabilities.
Proposal 9: gNB should send indication to each UE to configure which alternative (Alt 1 or Alt 2) shall be used for determination of UE Tx beamformer for SRS.
For the purpose of interference management and / or beam management, we additionally propose, that, the gNB/NR cell should have the capability to configure a subset of Tx beamformers which are available for selection at the UE. The UE should then select the best Tx beam-former (in a gNB transparent manner) from this subset, based on DL measurements for SRS transmission. This is effectively a further enhancement of alternative 2.
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Figure 6:  Differences between (a) gNB receiving on all beams for assigned SRS resources and (b) gNB receiving on selected set of beams for assigned SRS resource. 
Additionally for Alt 1 (UE applies gNB transparent SRS UE Tx beam-former), if the UE has already been involved in communication with the gNB and beam paired links between the UE and gNB have been established (at least at the UE) prior to the gNB SRS resources being scheduled, it is beneficial for the gNB to indicate to the UE which gNB receiver beam will be used for each allocated SRS resource. This alleviates the need for the TRP to listen on all receiver directions for each configured and assigned SRS resource.
One way to indicate the gNB Rx beam for each allocated SRS resource for Alt 1 is to configure the SRS resource to indicate a DL reference signal (RS) resource (i.e. CSI-RS) which was transmitted (and received by the UE when it performed DL measurements) and is in the same direction at the gNB as the assigned TRP Rx beam for the configured SRS resource. 
In this way, we propose for Alt 1, that the SRS configuration indication of DL RS resource implicitly indicates the TRP Rx beam for the configured SRS resource, whereas for Alt 2 (as summarized above and previously agreed), the SRS configuration of DL RS resource implicitly indicates the UE Tx beam for  Tx/Rx beam-direction calibrated UEs. 
Proposal 10: The indication of gNB receiver beam for each assigned SRS resource should also be supported for Alt 1 (UE applies transparent Tx beam-former for SRS). An implicit signaling scheme using the SRS configuration to indicate a DL reference signal resource should be considered.
Summary of SRS configuration framework
In RAN1 AH1706, it was agreed that gNB can configure one or more groups where each group contains one or more SRS resource(s) to UE. The SRS resource group can be used to support both beam management and CSI acquisition. For example, multiple SRS resources in one SRS resource group can be used for UL Rx beam sweeping and CSI acquisition based on the selected Rx beam by gNB. They can also be applied to select narrow beam pair link from a wide beam pair link (e.g., Tx beam sweeping after Rx beam sweeping). Moreover, multiple SRS resource groups can be used for different purposes (e.g., CSI acquisition, Tx beam sweep, Rx beam sweep) or SRS transmission to different TRPs. For example, as illustrated in Figure 7, SRS resource group A contains one SRS resource with 4 symbols, which can be used for UL Rx beam sweeping or SRS coverage enhancement. SRS resource group B contains 4 SRS resources with different Tx beams, and may be utilized for Tx beam sweeping. For the SRS resource group C, only one symbol is configured, and it can be used for CSI acquisition.
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Figure 7. Example of SRS resource group and SRS resource
To summarize the SRS configuration, the gNB needs to send the following configurations to UE:
· UE-specific SRS resource configuration by RRC. The configuration may include mapping to REs (e.g., bandwidth, frequency hopping, symbols, comb), time domain behavior (e.g., period), SRS ports, sequence configuration (e.g., root, cyclic shift).
· UE-specific SRS resource group configuration by RRC. This is used to configure which SRS resource(s) are included in one SRS resource group.
· UE-specific SRS resource group beam configuration by MAC CE and/or DCI. This is used for Tx beam configuration for one SRS resource group, and includes one or more beam indicators, e.g., based on SRI or CRI. Moreover, as discussed in Section 2.2.3, MAC CE is used for periodic/ semi-persistent SRS and DCI is used for aperiodic SRS, where the DCI overhead for beam indication should be considered. 
· UE-specific SRS resource group trigger by DCI and activation / deactivation by MAC CE. This is used for triggering aperiodic SRS and activating/ deactivating semi-persistent SRS. For aperiodic SRS, the candidate SRS configuration can be pre-configured by RRC as in LTE. Moreover, the SRS triggering and beam configuration can be in the same DCI for aperiodic SRS.

SRS carrier-based (or bandwidth part-based) switching 
In LTE Rel-14, SRS carrier-based switching was standardized so that a UE with fewer UL CCs than DL CCs in TDD can perform sounding on possibly all TDD CCs, thus providing the network with more accurate CSI on those CCs for better beamforming in DL. In NR, it may still be very likely that a UE simultaneously supports more DL CCs (or bandwidth parts) than UL CCs (or bandwidth parts). SRS switching should be supported so that the UE can perform sounding over time on all CCs (or bandwidth parts) with DL. Furthermore, as standardized in Rel-14, standalone SRS configurations, e.g., SRS power control and SRS triggering, are needed for supporting SRS transmission on a PUSCH-less CC. Therefore, standalone SRS configurations should be supported in NR. Detailed discussion of SRS carrier-based (or bandwidth part-based) switching can be found in [5].
SRS switching for UEs with multiple antennas
In RAN1 AH1706 [2], it was agreed to support SRS antenna switching for DL CSI acquisition. As an example, for the UE with M transmission antennas and N reception antennas, gNB needs to measure the channel from N antenna ports of UE, and the UE can only transmit SRS on maximal M antenna ports simultaneously. In LTE, only (N, M) = (2, 1) is supported. In NR, to support flexible DL transmission with more than two ports based on reciprocal channel measurement and higher UE UL capability, (N, M) = (4, 2) and (4, 1) should also be supported. Detailed discussion of SRS antenna switching can be found in [6].

Conclusions
Based the discussions above, we have the following proposals:
Proposal 1: Either of the following methods P1 and P2 can be used to generate ZC root for each SRS sequence length.
· P1: Similar root selection principle as in LTE using sequence hopping for sequence length larger than 60. In this case, ZC sequence root  is given by:
P1-4) For SRS sequence length 36-60:
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P1-5) For SRS sequence length 72-120:
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P1-6) For SRS sequence length larger or equal to 144:
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· P2: Equal interval between two subsequent roots for any SRS sequence length. In this case, the ZC sequence root  is given by:
P2-4) For SRS sequence length 36-60:
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P2-5) For SRS sequence length 72-120:
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, where  , .
P2-6) For SRS sequence length larger or equal to 144:
· 


, where  , .
Proposal 2: NR should support both LTE-like ZC sequences and long truncated ZC sequences for SRS sequence design.
Proposal 3: From a UE’s perspective, SRS transmission has the same numerology with associated UL/DL (in TDD) BWP within which the SRS is transmitted.
Proposal 4: Cell-specific SRS configuration in time domain is not supported in NR.
Proposal 5: SRS bandwidth setting parameter srs-BandwidthConfig should be UE-specific in NR.
Proposal 6: For beam management, support to sound part of the PRBs within the frequency range to be measured.
Proposal 7: One X-port SRS resource is associated with only one UE Tx beam .
Proposal 8: Support to pre-define or indicate the time offset between slot conveying beam indicator and:
· The UL/DL RS (e.g., SRS/CSI-RS) transmission instance of the indicated UL/DL RS (e.g., by SRI or based on CRI).
· The SRS transmission instance using the indicated Tx beam.
Proposal 9: gNB should send indication to each UE to configure which alternative (Alt 1 or Alt 2) shall be used for determination of UE Tx beamformer for SRS.
Proposal 10: The indication of gNB receiver beam for each assigned SRS resource should also be supported for Alt 1 (UE applies transparent Tx beam-former for SRS). An implicit signaling scheme using the SRS configuration to indicate a DL reference signal resource should be considered.
[bookmark: _Ref124589665][bookmark: _Ref71620620][bookmark: _Ref124671424]References
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Huawei, R1-1713771, “UL SRS mapping and hopping”, RAN1#90, Prague, Czech Republic, Aug. 2017.
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