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1 	Introduction
During RAN1 #90b meeting, many working assumptions and agreements were made on NR SRS transmission and configuration [1]. Some of them possibly related with remaining issues are listed as follows:
Agreement:
The frequency domain starting position of a SRS allocation (analogous to K0_P in LTE) is UE specifically configurable such that it is aligned on a common grid with 4 PRB granularity defined on a wideband CC from network perspective
· Note: This can enable alignment of SRS resources of different UEs with partially overlapped BWPs multiplexed on the same comb
[bookmark: _Hlk495909723]Agreement:
NR support for a maximum of 12 CS for comb 4 and a maximum at least 8 CS for comb 2. 
· FFS: configuration of fewer than the maximum number defined cyclic shifts
Agreement:
NR supports intra-slot and inter-slot frequency hopping within a BWP.
· FFS: if the same hopping formula as in LTE can be used
· FFS: aperiodic/semi-persistent/periodic SRS for each hopping type (intra-/inter-slot)
· FFS: number of OFDM symbols per SRS resource for each hopping type (intra-/inter-slot)
· FFS: Whether independent ON/OFF configurations for intra-slot and inter-slot frequency hopping for one SRS resource
[bookmark: _Hlk495997801]Agreement:
An X-port SRS resource spans N = 1, 2, or 4 adjacent OFDM symbols within the same slot where all X ports are mapped to each symbol of the resource
When frequency hopping only is configured, the X ports are mapped to potentially different sets of subcarriers in each OFDM symbol of the resource, depending on the hopping pattern
For N = 4, frequency hopping + repetition can be configured where the the X ports are mapped to a different set of subcarriers in the second pair OFDM symbol(s) of the resource
Note: Symbol pairs are adjacent
Note: same comb is assumed for different sets of subcarriers
Note: hopping pattern is within the tree structure defined by a given C_SRS, B_SRS, and b_hop
Note: When repetition only is configured, the mapping is covered by previous agreement in RAN1#90:
“Each of the X ports are mapped to the same set of subcarriers in the same set of PRBs in the N SRS symbols.”
NCP SRS resource definition is reused for ECP
FFS: SRS transmission repetition within a slot can be at different power levels to account for relative phase discontinuities from multiple UE Tx chains
Offline Agreement:
For an N = 2 or 4 symbol aperiodic SRS resource, NR supports intra-slot hopping within a BWP
· Note: all N OFDM symbols are adjacent and within the same slot by definition of an SRS resource
· When frequency hopping only is configured
· In each of the N OFDM symbols of the SRS resource, an equal-size subband of the hopping bandwidth is sounded, and the full hopping bandwidth is sounded across the N OFDM symbols
· For N = 4, when frequency hopping + repetition is configured
· In each pair of OFDM symbols of the SRS resource, an equal-size subband of the hopping bandwidth is sounded, and the full hopping bandwidth is sounded across the two pairs of OFDM symbols
· The NR hopping formula design uses the LTE hopping formula as a starting point
For an N symbol periodic or semi-persistent SRS resource, NR supports
· N = 1: inter-slot hopping within a BWP
· N = 2 or 4: intra-slot + inter-slot hopping within a BWP
· Repetition can be configured: FFS details, e.g., through a repetition factor r  {1,2,4} where r ≤ N
· Note: repetition first, hopping second as per definition of SRS resource
· In each slot, the N-symbol SRS resource occupies the same symbol location(s)
· The NR hopping formula design uses the LTE hopping formula as a starting point
FFS: if partial sounding of a subband of the hopping bandwidth is supported
· e.g., sounding of K contiguous RBs where K < BW of subband, avoiding modification of hopping formula
Offline Agreement:
For 1T2R or 2T4R antenna switching within an active BWP of a component carrier, NR supports inter-slot and intra-slot antenna switching
· The UE is configured with two SRS resources which are both 1 symbol or both 2 symbols, where
· For 1T2R: Both resources are single-port, and the port of the 2nd resource is associated with a different UE antenna than the port of the 1st resource
· For 2T4R: Both resources are 2-port, and the port pair of the 2nd resource is associated with a different UE antenna pair than the port pair of the 1st resource
· For inter-slot antenna switching, the two SRS resources are TDM’d at slot level
· For intra-slot antenna switching, the two SRS resources are TDM’d. They may be configured with a guard period of Y symbols in between to account for the Tx switching transient time (e.g., enough symbols to account for 15 us according to RAN4, based on UE capability)
· The UE does not transmit any other signal during the guard period
· For intra-slot, aperiodic triggering of the two SRS resources configured for antenna switching is supported. FFS: aperiodic triggering for inter-slot.
NR supports 1T4R antenna switching within an active BWP of a component carrier
· The UE is configured with 4 SRS resources which are all single-symbol and single-port
· Each port of the 4 resources is associated with a different UE antenna
· FFS: Inter-/intra-slot switching
· FFS: Aperiodic triggering of the 4 SRS resources
FFS: how to provide the eNB with UE requirements on the number of SRS resources and the number of ports per resource for the purposes of Tx antenna switching
FFS: UE behaviour in case of power difference between primary Tx antenna(s) and secondary Rx antenna(s)
Offline agreement:
Down-select one of the following alternatives for group hopping and sequence hopping 
· Alt-1: 30 sequence groups with 1 or 2 root-sequences per group
· If group hopping is enabled, v = 0
· If sequence hopping is enabled, group hopping is disabled  
· Alt-2: 30 sequence group with 1 or 2 root-sequences per group
· If group hopping is enabled, v can be 0 or 1
· FFS how to switch the value of v during group hopping
· If sequence hoping is enabled, group hopping is disabled
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LTE SRS configuration tables are starting point for NR SRS configuration table design.
At least 2, 5, 10, 20, 40, 80, 160, 320 slots periodicity are supported for 15KHz SCS
FFS on additional periodicities for other numerologies
FFS: supported slot offset for each supported numerology
Based on these available conclusions and FFS parts, we further discuss the remaining details on Sounding Reference Signal (SRS) design. This contribution is revised from contribution R1-1718518.
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For periodic and aperiodic SRS transmission, it is triggered by RRC signaling and dynamic signaling, respectively. However, there is no clear conclusions for the triggering of semi-persistent SRS. On account semi-static property for semi-persistent SRS transmission, it is natural to use MAC CE to activate/deactivate it on account of relative fast triggering (relative to RRC signalling) without dynamic signaling.
Proposal 1: Semi-persistent SRS is activated/deactivated by MAC CE.
To guarantee flexible and fast CSI acquisition, the dynamic signaling is used for triggering aperiodic SRS transmission. For aperodic SRS transmission, it can be used for downlink and uplink CSI acquisition and uplink beam management. And the application scenario can be multiple beams and/or multiple carriers. Thus, the number of SRS resource set for triggering may be large. Thus, to save dynamic signaling overhead, three level, i.e. high layer, MAC and dynamic signalling can be used with combination to trigger SRS transmission when the candidate SRS resource set for triggering is too large. In detail, gNB firstly configures a UE multiple SRS resource sets by high layer signalling. Then, it uses MAC command to select a subset of SRS resource sets from configured SRS resource sets. Lastly, it uses DCI signaling to trigger SRS transmission on one of selected resource sets by MAC command. If the number of SRS resource set for triggering is not large, two level, i.e. high layer and dynamic signaling, can be used with combination to trigger SRS transmission. With multiple level triggering mechanism, 2 or 3 bits of dynamic signaling can be used for SRS triggering for multiple functions. Tab.1 gives one example for SRS request value in case of trigger with 2 bits dynamic signalling. 
Table1. SRS request value for trigger type 1
	Value of SRS request field
	Description

	’00’
	No type 1 SRS trigger

	‘01’
	Type 1 SRS trigger for the 1st SRS parameter set configured by higher layers or selected by MAC command from high layer configured sets

	‘10’
	Type 1 SRS trigger for the 2nd SRS parameter set configured by higher layers or selected by MAC command from high layer configured sets

	‘11’
	Type 1 SRS trigger for the 3rd SRS parameter set configured by higher layers or selected by MAC command from high layer configured sets


Proposal 2: 2 or 3 bits of dynamic signalling is used to trigger aperiodic SRS transmission.
In RAN1 90b meeting, 2, 5, 10, 20, 40, 80, 160, 320 slots are supported for SRS transmission with 15KHz subcarrier spacing. But it is FFS on additional periodicities for other numerologies. To support unified configuration for multiple numerologies, the periodicity and offset can be defined with slot level. In this way, the periodicity is implicitly scaled by the time unit, i.e. slot, in case of different numerologies. With this scaling property, 2, 5, 10, 20, 40, 80, 160, 320 slots need being supported for SRS transmission with all the numerologies. On account of flexible frame structure in 5G NR, it is desirable to use one unified indication for all the possible offset value of a periodicity. Similar as LTE system, one natural indication scheme is shown in Fig.2. If more periodicity for some numerologies can be agreed with common view, the reserved index, i.e. 637-1024, can be used for their indication. 
Tab.2 SRS Periodicity and Slot Offset Configuration for trigger type 0 
	SRS Configuration Index ISRS
	SRS Periodicity (slot)
	SRS Offset (Slot) 

	0 – 1
	2
	ISRS

	2 – 6
	5
	ISRS – 2

	7 – 16
	10
	ISRS – 7

	17 – 36
	20
	ISRS – 17

	37 – 76
	40
	ISRS – 37

	77 – 156
	80
	ISRS – 77

	157 – 316
	160
	ISRS – 157

	317 – 636
	320
	ISRS – 317

	637 – 1023
	reserved
	reserved


Proposal 3: Tab.2 is adopted to configure SRS periodicity and offset with slot level for all numerologies.
In RAN1 90b meeting, flexible hopping mechanism is defined for aperiodic SRS resource and periodic/semi-persistent SRS resource within a bandwidth part with joint consideration hopping and repetition. On account of similar sounding bandwidth design, the hopping formula defined in LTE specification can be reused in principle. But, the counter for UE specific SRS transmission number, i.e. n_SRS, used in hopping formula for 5G NR should consider both the SRS transmission opportunity and repetition factor. For simplicity, the counter is scaled by repetition factor. 
Proposal 4: The hopping formula defined in LTE specification is reused for 5G NR with counter of UE specific SRS transmission number scaled by repetition factor.
In RAN1 #89 meeting, switching between partial bands for SRS transmission in a CC is supported and RF retuning requirement for partial band switching needs consideration. In 5G NR, the multiple level tree structure is used for sounding similarly as LTE system, where flexible sounding granularity can be configured for UEs in different location. For different partial bands, the different sounding bandwidth and granularity may be used to increase the sounding flexibility. When SRS hopping is made between multiple partial bands, SRS in one hop can be transmitted in one partial band for good PAPR property, including when UE is not capable of simultaneous transmission in partial bands in a CC. In this case, SRS hopping includes two level hopping, i.e. hopping on multiple partial bands and in one partial band. The RF retuning time between partial bands may be related with UE hardware capability, carrier frequency and bandwidth spacing between two partial bands. The flexible hopping pattern between partial bands can be defined to meet the time requirement of partial band switching. In detail, some hopping parameters for multiple partial band hopping can be defined, including hopping order and transmission number ratio between multiple partial bands. One example is given in Fig.1 for illustration hopping pattern on partial band level, where the hopping sequence for 4 partial bands can be [Partial band 0, partial band 2, partial band 1, partial band 3] and the transmission number ratio between different partial bands can be 2:1:2:1. Here the ratio for bandwidth of each partial band is 2:1:2:1 and the same hopping granularity is used for each partial band. The final SRS hopping pattern on partial band level may be: [Partial band 0, Partial band 2, Partial band 1, Partial band 3, Partial band 0, Partial band 2] for scheme 1 where hopping is made firstly between partial bands and then in one partial band; [partial band 0, Partial band 0, Partial band 2, Partial band 2, Partial band 1, Partial band 3] for scheme 2 where hopping is made firstly in one partial band and then between partial bands.


Fig.1 Illustration of SRS hopping pattern on partial band level
Proposal 5: Flexible hopping pattern needs to be designed to support UEs with different time requirement for between band/CC switching.
In RAN1 90b meeting, it is agreed that two or four SRS resources may be configured for antenna switching. For the configuration with two SRS resources, each SRS resource may be configured with one or two SRS antenna port(s). For configuration with four SRS resources, each SRS resource is configured with one SRS antenna port. For the case of 1T2R or 2T4R, both intra-slot and inter-slot antenna switching are supported with SRS resource by TDM. The antenna switching time needs being considered for intra-slot antenna switching. For the case of 1T4R, it is FFS for intra-slot and inter-slot antenna switching. With similar principle on antenna switching for 1T2R or 2T4R, inter-slot antenna switching can be supported with SRS resources by TDM at slot level. On account of only last 6 symbols as possible location for SRS transmission, full intra-slot antenna switching can be supported only when UE has the capability to support antenna switching between adjacent symbols. To reduce sounding time with 4 SRS resources for antenna switching, intra-slot and inter-slot antenna switching can be used with combination. For example, one pair of SRS resources in one slot is used for sounding on 2 port antennas with switching and another pair of SRS resources in another slot are used for sounding on another 2 port antennas with switching.
Proposal 6: Inter-slot/intra-slot antenna switching is supported in case of 1T4R with constriction of time requirement for antenna switching. 
For intra-slot antenna switching in case of 1T2R or 2T4R, it is agreed that aperiodic triggering of the two SRS resources is supported. But for inter-slot antenna switching, it is FFS whether aperiodic triggering of two SRS resources is supported. Also, it is FFS whether aperiodic triggering of four SRS resources is supported in case of inter-slot antenna switching with configuration of 1T4R. Antenna switching can be used for gNB to obtain downlink channel state information by channel reciprocity. gNB can obtain downlink channel state information only after it receives all the SRS on configured resources for antenna switching. Thus, it is attractive to trigger SRS transmission on all the configured SRS resources for inter-slot switching. On the other hand, SRS transmission with different power in different slots is not desirable for gNB to get channel state information, i.e. PMI/CQI/RI, based on the channel of all antenna ports. Thus, it is desirable to guarantee the same power for SRS resources for antenna switching in different slots. From email discussion on SRS power control, power control parameters for SRS can be configured per SRS resource set to support SRS for beam management. This power control mechanism can be also used for SRS resource set for antenna switching to guarantee similar transmit power for SRS transmission on different antenna port.
Proposal 7: Aperiodic triggering is supported for two SRS resources for antenna switching with configuration of 1T2R or 2T4R and for four SRS resources for antenna switching with configuration of 1T4R.
3 	Conclusions
Based on above discussion. We also make the following proposals and observations:
Proposal 1: Semi-persistent SRS is activated/deactivated by MAC CE.
Proposal 2: 2 or 3 bits of dynamic signalling is used to trigger aperiodic SRS transmission.
Proposal 3: Tab.2 is adopted to configure SRS periodicity and offset with slot level for all numerologies.
Proposal 4: The hopping formula defined in LTE specification is reused for 5G NR with counter of UE specific SRS transmission number scaled by repetition factor.
Proposal 5: Flexible hopping pattern needs to be designed to support UEs with different time requirement for between band/CC switching.
Proposal 6: Inter-slot/intra-slot antenna switching is supported in case of 1T4R with constriction of time requirement for antenna switching. 
Proposal 7: Aperiodic triggering is supported for two SRS resources for antenna switching with configuration of 1T2R or 2T4R and for four SRS resources for antenna switching with configuration of 1T4R.
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