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Introduction
In this contribution, we discuss corrections to SRS set configuration to support reciprocity-based DL beamforming. We also discuss periodicity for periodic/semi-persistent SRS.
[bookmark: _Ref178064866]Discussion
Triggering of aperiodic SRS set(s) with DCI Formats 0_1 and 1_1
Triggering of aperiodic SRS resource sets is currently broken in specifications. In 38.212 Section 7.3.1 [1], the 2-bit SRS request field in DCI formats 0_1 and 1_1 is always present, i.e., not configurable. This means that there are 4 DCI codepoints for triggering SRS resource set(s). So that SRS is not triggered every time either DCI format 0_1 or 1_1 is used, one of the 4 codepoints must be reserved for “no triggering.” It makes sense that this should be the ‘00’ codepoint. However, within the SRS set configuration SRS-ResourceSet IE in 38.331, Section 6.3.2 [2], the RRC parameter aperiodicSRS-ResourceTrigger which corresponds to the 4 DCI codepoints can be configured with integer values 0 .. 3. This means that if an SRS set is configured with aperiodicSRS-ResourceTrigger = 0, then that set will be triggered every time the SRS request field in DCI indicates “no triggering,” i.e., codepoint ’00.’ Clearly this is not the intended behavior. To fix this we propose the following:
[bookmark: _Ref510107423][bookmark: _Toc510109275][bookmark: _Toc510109380][bookmark: _Toc510109450][bookmark: _Toc510109790][bookmark: _Toc510779035]To avoid triggering an SRS resource set(s) when the SRS request field in DCI indicates “no triggering,” change the value range of the RRC parameter aperiodicSRS-ResourceTrigger to be 1 .. 3 instead of 0 .. 3.
A text proposal implementing Proposal 1 is as follows:
>>> Text proposal for 38.331 Section 6.3.2 >>>
			-- Corresponds to L1 parameter 'AperiodicSRS-ResourceTrigger' (see 38.214, section 6.1.1.2)
			aperiodicSRS-ResourceTrigger			INTEGER (0 1..maxNrofSRS-TriggerStates-1),
>>> End text proposal >>>
Another issue is that Table 7.3.1.1.2-24 in 38.212 [1] that maps the DCI codepoints to the triggered SRS resource set(s) is empty. To make this table consistent with the above change to 38.331, we propose the following:
[bookmark: _Ref510107972][bookmark: _Toc510109276][bookmark: _Toc510109381][bookmark: _Toc510109451][bookmark: _Toc510109791][bookmark: _Toc510779036]To specify the mapping between the codepoints of the SRS request field in DCI and the triggered SRS resource set(s) fill in the missing entries of Table 7.3.1.1.2-24 in a manner consistent with the allowed values of the RRC parameter aperiodicSRS-ResourceTrigger.
A text proposal implementing Proposal 2 is as follows:
>>> Text proposal for 38.212 Section 7.3.1.1.2 >>>
Table 7.3.1.1.2-24: SRS request 
	Value of SRS request field
	Triggered aperiodic SRS resource set(s)

	00
	No aperiodic SRS resource set triggered

	01
	SRS resource set(s) configured with higher layer parameter aperiodicSRS-ResourceTrigger set to 1

	10
	SRS resource set(s) configured with higher layer parameter aperiodicSRS-ResourceTrigger set to 2

	11
	SRS resource set(s) configured with higher layer parameter aperiodicSRS-ResourceTrigger set to 3



>>> End text proposal >>>
A final issue is that with the above changes, there is now duplication between 38.212 and 38.214 [3] of the table mapping DCI codepoints to triggered SRS resource set(s). The natural place to have the table is 38.212 therefore we propose the following:
[bookmark: _Ref510108488][bookmark: _Toc510109277][bookmark: _Toc510109382][bookmark: _Toc510109452][bookmark: _Toc510109792][bookmark: _Toc510779037]To avoid duplication between 38.212 and 38.214 of the table mapping the codepoints of the SRS request field in DCI to the triggered aperiodic SRS resource set(s), remove Table 6.2.1-1 from 38.214.
A text proposal implementing Proposal 3 is as follows:
>>> Text proposal for 38.214 Section 6.2.1  >>>
For aperiodic SRS, at least one state of the DCI field is used to select at least one out of the configured SRS resource set.
The 2-bit SRS request field [5, TS38.212] in DCI format 0_1, 1_1 indicates the triggered SRS resource set given in Table 6.2.1-1 7.3.1.1.2-24 of [5, TS38.212]. The 2-bit SRS request field [5, TS38.212] in DCI format 2_3 indicates the triggered SRS resource set given in Subclause 11.4 of [6, TS 38.213].
Table 6.2.1-1: SRS request value for aperiodic SRS
	Value of SRS request field
	Description

	'00'
	No aperiodic SRS trigger

	'01'
	The 1st SRS resource set(s) configured by higher layers 

	'10'
	The 2nd SRS resource set(s) configured by higher layers

	'11'
	The 3rd SRS resource set(s) configured by higher layers



If a UE is configured with the higher layer parameter SRS-AssocCSIRS and with the higher layer parameter ulTxConfig set to 'NonCodebook', the UE may be configured with a NZP CSI-RS resource where a NZP-CSI-RS-ResourceConfigId is associated with an SRS resource set.
>>> End text proposal >>>
[bookmark: _GoBack]
While no text proposal is made here, a similar changes may be warranted in 38.212 and 38.213 Section 11.4 pertaining to triggering aperiodic SRS resource set(s) with DCI format 2_3. Hence we propose
[bookmark: _Toc510109278][bookmark: _Toc510109383][bookmark: _Toc510109453][bookmark: _Toc510109793][bookmark: _Toc510779038]Further discuss aligning 38.212, 38.213, and 38.331 for triggering of aperiodic SRS resource set(s) with DCI format 2_3.
Configuration of SRS set to support reciprocity-based DL precoding
The UE can be configured with one or more Sounding Reference Symbol (SRS) resource sets as configured by the higher layer parameter SRS-ResourceSetConfig. The SRS resource set applicability is configured by the higher layer parameter SRS-SetUse [3]. The values that the parameter SRS-SetUse can take are ‘beamManagement’, ‘codebook’, ‘nonCodebook’, ‘AntennaSwitching’ [2]. Each of these values imposes a number of restrictions on the configuration and triggering of the SRS resources comprising the set.

An important use case for which NR SRS has been designed for is to support reciprocity-based design of PDSCH precoder using the UL channel estimates. This use case is of particular relevance to the upcoming massive MIMO gNB deployments in the NR mid- and high-frequency bands operating in TDD mode. In order to exploit the full potential of reciprocity-based DL precoding, the sounding procedure has to support estimation of the full MIMO channel matrix. The SRS resource set usage ‘AntennaSwitching’ has been specified to address exactly this use case, but only for three specific UE capabilities: 1T2R, 2T4R, and 1T4R. However, no SRS resource set usage has been explicitly specified to support reciprocity-based DL precoding for UEs with balanced numbers of TX and RX chains, e.g., 4T4R or 2T2R. This is a relevant UE capability as codebook-based and non-codebook-based precoding of PUSCH has been specified using up to four antenna ports [4]; furthermore, four RX is a mandatory UE capability for several frequency bands. Such UEs will be capable of sounding their two or four antennas using one 2-port or 4-port SRS resource, respectively. For the case of SRS-SetUse set to ‘AntennaSwitching’, an SRS resource set contains at least two SRS resources with at least one symbol guard period, a configuration which is unnecessary when T=R. Moreover, with this configuration, the gNB expects that the UE switches antennas between the two resources.

In principle, the SRS resource set usages designed for UL MIMO, i.e., ‘codebook’ or ‘nonCodebook’ could be reused for the use case of reciprocity-based DL precoding. The problem is that in both of those usages, the current specifications restrict the UE to be configured with only one SRS resource set. Moreover, the configurations suited for UL MIMO can be quite different from the ones supporting full channel acquisition for reciprocity-based DL precoding. Specifically, for the case of SRS-SetUse set to ‘nonCodebook’, only one SRS port per SRS resource can be configured. That is, the SRS resources are typically precoded and this precoding is transparent to the gNB. Furthermore, SRI determines the number of PUSCH layers.
For the case of SRS-SetUse set to ‘Codebook’, a separate SRS port is configured per antenna port and all of them are mapped to the same SRS resource. So, in principle, the gNB could estimate the full channel matrix, if at most one SRS resource is configured in the set. However, when a single resource is configured, it is overly restrictive to have to rely on the same configuration for determining both PUSCH codebook-based and reciprocity based PDSCH beamforming, as the channel estimation requirements of these two use cases can be quite different. For example, for PUSCH precoding it may be sufficient to configure the resource as aperiodic with frequency hopping disabled, but for reciprocity-based PDSCH beamforming, a more suitable configuration could be periodic or semi-persistent with frequency hopping enabled, to support better channel estimation and reduce channel aging effects. We note that codebook-based operation also allows two SRS resources to be configured in a set, in which case SRI selects one of them for transmission, e.g., to support panel selection. For reciprocity-based DL precoding, SRI is not relevant. For the above reasons, neither ‘codebook nor ‘nonCodebook’ configuration of SRS-SetUSe is appropriate for reciprocity-based DL precoding.
For the case of SRS-SetUse set to 'BeamManagement', a typical set configuration would consist of multiple single-symbol, 1-port, SRS resources without frequency hopping where each resource is in a different symbol of the slot, and may be beamformed differently in each symbol. This allows either a UE Tx or gNB Rx beam sweep. Clearly, this is not suitable configuration for the reciprocity use case either.
[bookmark: _Toc498091959][bookmark: _Toc506563959][bookmark: _Toc506563980][bookmark: _Toc506564009][bookmark: _Toc506572872][bookmark: _Toc510089278][bookmark: _Toc510105893][bookmark: _Toc510106157][bookmark: _Toc510106169][bookmark: _Toc510106518][bookmark: _Toc510109282][bookmark: _Toc510109379][bookmark: _Toc510109449][bookmark: _Hlk510793572]The parameter SRS-SetUse does not have a configuration well-suited to support sounding of the full MIMO channel when T = R for the use case of reciprocity-based DL precoding.
[bookmark: _Toc506563960]A simple solution is to extend the usage of the SRS-SetUse parameter value ‘AntennaSwitching’ to also support the case when T = R. It is natural to focus on this value of SRS-SetUse, since this setting is already used for the purposes of estimating the full MIMO channel matrix to support reciprocity-based DL precoding for 1T2R, 1T4R, and 2T4R. We emphasize that this solution does not have an impact in RRC; it only requires a simple text addition to TS 38.214 [3] to introduce the T = R case. 
[bookmark: _Toc492554353][bookmark: _Toc492554531][bookmark: _Toc498092135][bookmark: _Ref510095319][bookmark: _Toc510101527][bookmark: _Toc510101530][bookmark: _Toc510101554][bookmark: _Toc510095666][bookmark: _Toc510105894][bookmark: _Toc510106158][bookmark: _Toc510106170][bookmark: _Toc510106519][bookmark: _Toc510109279][bookmark: _Toc510109384][bookmark: _Toc510109454][bookmark: _Toc510109794][bookmark: _Toc506563962][bookmark: _Toc506564011][bookmark: _Toc506572869][bookmark: _Toc510089286][bookmark: _Toc510779039]To support reciprocity-based DL precoding, extend the SRS-SetUse = ‘AntennaSwitching’ case to allow configuration of an SRS set with a single SRS resource with 1, 2, or 4 SRS ports. This proposal is NOT RRC-impacting.
The following text proposal (red text) implements Proposal 5. The text in blue is editorial and is intended to improve clarity. For the T = R case, the restriction to a single SRS resource is needed, otherwise the UE and gNB are not able to distinguish between the 1T2R, 2T4R, 1T4R, and T = R cases solely based on the number of configured resources/ports. Without the restriction, the alternative would be to introduce a new RRC parameter which is undesirable.

>>> Text proposal for 38.214 Section  6.2.1.2 >>>
[bookmark: _Toc501048222]6.2.1.2	UE antenna switching
When UE antenna switching is enabled by the higher layer parameter SRS-SetUse set as 'antenna switching' for a UE that supports transmit antenna switching, a UE may be configured with one of the following configurations depending on the UE capability:
-	SRS resource set with two SRS resources transmitted in different symbols, each SRS resource consisting of a single SRS port, and where the SRS port of the second resource is associated with a different UE antenna port than the SRS port of the first resource, being associated with different UE antenna ports, or
-	SRS resource set with two SRS resources transmitted in different symbols, each SRS resource consisting of two SRS ports, and where the SRS port pair of the second resource is associated with a different UE antenna port pair than the SRS port pair of the first resource, or
-	SRS resource set with four SRS resources transmitted in different symbols, each SRS resource consisting of a single SRS port, and where the SRS port of each resource is being associated with a different UE antenna ports, or
-	SRS resource set with one SRS resource, where the number of SRS ports is equal to 1, 2, or 4
and a guard period of Y symbols, where UE does not transmit any other signal of Y symbols in-between the SRS resources of the set, is used in case the SRS resources are transmitted in the same slot.
The value of Y is defined by Table 6.2.1.2-1.
>>> End text proposal >>>
Comb offset for 4-port SRS resources
In RAN1#92 the following working assumption was reached. 
Working Assumption
· NR supports the case that different ports of one 4-port SRS resource have different comb offsets for comb 2 and 4.
The main technical argument brought forward was that the feature of orthogonalizing the UE antenna ports not only with cyclic shifts but also with comb offsets is supported in LTE. This allows for improved channel estimation, particularly for low load and high SNR scenarios, which is crucial for reaping the performance potential of e.g. the reciprocity-based DL precoding use case. Hence, we propose to confirm the working assumption and support this feature also in NR.

[bookmark: _Hlk510793118][bookmark: _Toc510779040]Confirm the working assumption that NR supports the case that different ports of one 4-port SRS resource have different comb offsets for comb 2 and 4.
On additional SRS periodicities
In [5] we show that only DL/UL assignment periodicities in the set {1, 2, 4, 5, 8, 10, 16, 20, 32, 40, 64, 80, 160, and 320} slots are compatible with SSB transmission. All these periodicity values are already supported for SRS, hence we propose:
[bookmark: _Hlk510785376][bookmark: _Toc506558804][bookmark: _Toc506558839][bookmark: _Toc506560691][bookmark: _Toc509931091][bookmark: _Toc509931203][bookmark: _Toc509931256][bookmark: _Toc510089287][bookmark: _Toc510095668][bookmark: _Toc510101528][bookmark: _Toc510101531][bookmark: _Toc510101555][bookmark: _Toc510105896][bookmark: _Toc510106160][bookmark: _Toc510106172][bookmark: _Toc510106521][bookmark: _Toc510109281][bookmark: _Toc510109386][bookmark: _Toc510109456][bookmark: _Toc510109796][bookmark: _Toc510779041]For periodic/semi-persistent SRS, no further periodicities and slot offsets need to be defined for Rel-15.
Conclusions
In this contribution, we made the following observations:
The parameter SRS-SetUse does not have a configuration well-suited to support sounding of the full MIMO channel when T = R for the use case of reciprocity-based DL precoding.
We made the following proposals:
Proposal 1	To avoid triggering an SRS resource set(s) when the SRS request field in DCI indicates “no triggering,” change the value range of the RRC parameter aperiodicSRS-ResourceTrigger to be 1 .. 3 instead of 0 .. 3.
Proposal 2	To specify the mapping between the codepoints of the SRS request field in DCI and the triggered SRS resource set(s) fill in the missing entries of Table 7.3.1.1.2-24 in a manner consistent with the allowed values of the RRC parameter aperiodicSRS-ResourceTrigger.
Proposal 3	To avoid duplication between 38.212 and 38.214 of the table mapping the codepoints of the SRS request field in DCI to the triggered aperiodic SRS resource set(s), remove Table 6.2.1-1 from 38.214.
Proposal 4	Further discuss aligning 38.212, 38.213, and 38.331 for triggering of aperiodic SRS resource set(s) with DCI format 2_3.
Proposal 5	To support reciprocity-based DL precoding, extend the SRS-SetUse = ‘AntennaSwitching’ case to allow configuration of an SRS set with a single SRS resource with 1, 2, or 4 SRS ports. This proposal is NOT RRC-impacting.
Proposal 6	Confirm the working assumption that NR supports the case that different ports of one 4-port SRS resource have different comb offsets for comb 2 and 4.
Proposal 7	For periodic/semi-persistent SRS, no further periodicities and slot offsets need to be defined for Rel-15.
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