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Introduction
[bookmark: _GoBack]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
Configuration of SRS set to support reciprocity-based DL precoding when T = R
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 [2]. The values that the parameter SRS-SetUse can take are ‘beamManagement’, ‘codebook’, ‘nonCodebook’, ‘AntennaSwitching’ [3]. 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, 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 [1], and it was decided in the last RAN plenary that four RX is a mandatory UE capability for several frequency bands. 

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, when the parameter SRS-SetUse is configured 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.
In contrast, when the parameter SRS-SetUse is 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 DL reciprocity based operation, if multiple SRS resources in a set are configured, e.g., to improve channel estimation, SRI should not be used. For the above reasons, neither ‘codebook nor ‘nonCodebook’ configuration of SRS-SetUSe  is appropriate for DL reciprocity-based operation.
When the parameter SRS-SetUse is 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]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]To overcome this issue, two alternative solutions can be envisioned. One solution could be to extend the usage of the SRS-SetUse parameter value ‘AntennaSwitching’, which is already used for estimating the full MIMO matrix for the cases of 1T2R, 2T4R, and 1T4R, to also support the case when T = R. The merit of this solution is that it does not have an impact in RRC, but it only requires a simple text addition at the top of Section 6.2.1.2 of TS 38.214 [2] to introduce an additional case for T = R. Another solution could be to specify an additional value for SRS-SetUse, e.g. named ‘fullChannel’, specifically to support sounding of the full MIMO channel when T = R for the use case of reciprocity-based DL precoding. The merit of this solution is that it is clean-cut, whereas its drawback is that it has an impact to RRC, albeit small. Only a new value is needed; not a new parameter. 
[bookmark: _Toc492554353][bookmark: _Toc492554531][bookmark: _Toc498092135][bookmark: _Toc506563962][bookmark: _Toc506564011][bookmark: _Toc506572869]Introduce an SRS set configuration to support sounding of the full MIMO channel when the number of UE transmit antennas equals the number of UE receive antennas (T = R) to support the use case of reciprocity-based DL precoding. The SRS set can consist of one or more SRS resources, with one or more ports each, and SRI is not used. Down-select to one of the following alternatives:
- Alt1: The usage of the SRS-SetUse parameter value ‘AntennaSwitching’ is extended to also support the case when T = R. A simple TP in 38.214 is needed.
- Alt2: An additional value for the RRC parameter SRS-SetUse is added, e.g. named ‘fullChannel’, to support sounding of the full MIMO channel when T = R.
On additional SRS periodicities
[bookmark: _Hlk506481364]In RAN1#91 it was agreed that for cell-specific RRC configuration of DL/UL assignment:

· [bookmark: _Hlk506480160]Add additional periodicity 0.625ms (for 120KHz SCS only), 1.25ms (for >=60KHz SCS), and 2.5ms (for >=30KHz SCS)
· Also support 2 concatenated DL-unknown-UL periodicity
· [bookmark: _Hlk503423551]Add 1 bit in semi-static DL/UL assignment to indicate if the second periodicity is included
· The two periodicities form X ms + Y ms total periodicity, where X, and Y are from {0.5, 0.625, 1, 1.25, 2, 2.5, 5, 10} ms
· When two perodicities are included, the corresponding parameters are independently configured
· Note: it will be discussed to preclude some combinations (/no additional higher-layer impact)

To align with at least a subset of the newly agreed X + Y periodicities, the following agreement was made in RAN1 NR AdHoc 1801 to support additional periodicities for SRS (and CSI-RS):
· Introduce additional periodicities of {4,8,16,32,64} slots and the corresponding slot offsets to at least the following periodic/semi-persistent RS:
· CSI-RS (includes ZP-CSI-RS and NZP-CSI-RS)
· SRS
· FFS on whether and how to align to additional periodicities as agreed in the frame structure agenda
· “The two periodicities form X ms + Y ms total periodicity, where X, and Y are from {0.5, 0.625, 1, 1.25, 2, 2.5, 5, 10} ms”
· FFS on CSI-IM periodicity of 1 slot

The remaining FFS point is whether or not to support yet even more periodicities for SRS/CSI-RS to align with all possibilities for X + Y. Here we argue that no additional SRS/CSI-RS periodicities are needed.
As mentioned in the first agreement above, it will be discussed to preclude some combinations of X + Y. As it turns out, many of the X + Y combinations must be precluded because they do not align with the periodicity of SSB. Since SSB is a vital signal for system operation, it cannot be dropped. Hence, any semi-statically configured DL/UL configuration must have a downlink slot occurrence that aligns with the SSB periodicity that a UE assumes upon initial access, i.e., 20 ms. Based on this, we propose the following preclusion rule (see also [4] and [5]):
[bookmark: _Toc506558803][bookmark: _Toc506558838][bookmark: _Toc506563963][bookmark: _Toc506564012][bookmark: _Toc506572870]For cell-specific RRC configuration of DL/UL assignment, the configured DL/UL pattern duration (periodicity) shall divide 20 ms evenly.
  -	That is, if only one periodicity is configured, X shall divide 20 ms evenly. If two periodicities are configured, X+Y shall divide 20 ms evenly.
With this preclusion rule, the only values of X or X+Y that divide 20 ms evenly are {0.5, 0.625, 1, 1.25, 2, 2.5, 4, 5, 10, and 20} ms. Expressed in integer number of slots, the following DL/UL pattern duration (periodicities) are allowed for different SCS:
	DL/UL Pattern duration/periodicity (ms)
	15 kHz
	30 kHz
	60 kHz
	120 kHz
	240 kHz

	0.5
	
	1
	2
	4
	8

	0.625
	
	
	
	5
	

	1
	1
	2
	4
	8
	16

	1.25
	
	
	5
	10
	20

	2
	2
	4
	8
	16
	32

	2.5
	
	5
	10
	20
	40

	4
	4
	8
	16
	32
	64

	5
	5
	10
	20
	40
	80

	10
	10
	20
	40
	80
	160

	20
	20
	40
	80
	160
	320



Extracting the unique entries from this table, we arrive at the following list: {1, 2, 4, 5, 8, 10, 16, 20, 32, 40, 64, 80, 160, and 320} slots. Every one of these periodicity values is already supported for SRS, hence
[bookmark: _Toc506558804][bookmark: _Toc506558839][bookmark: _Toc506563964][bookmark: _Toc506564013][bookmark: _Toc506572871]For periodic/semi-persistent SRS/CSI-RS, no further periodicities and slot offsets need to be defined for Rel-15.
Conclusions
In this contribution, we made the following observations:
Observation 1	The parameter SRS-SetUse does not have a configuration specifically 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	Introduce an SRS set configuration to support sounding of the full MIMO channel when the number of UE transmit antennas equals the number of UE receive antennas (T = R) to support the use case of reciprocity-based DL precoding. Down-select to one of the following alternatives: - Alt1: The usage of the SRS-SetUse parameter value ‘AntennaSwitching’ is extended to also support the case when T = R. A simple TP in 38.214 is needed. - Alt2: An additional value for the RRC parameter SRS-SetUse is added, e.g. named ‘fullChannel’, to support sounding of the full MIMO channel when T = R.
Proposal 2	For cell-specific RRC configuration of DL/UL assignment, the configured DL/UL pattern duration (periodicity) shall divide 20 ms evenly.   - That is, if only one periodicity is configured, X shall divide 20 ms evenly. If two periodicities are configured, X+Y shall divide 20 ms evenly.
Proposal 3	For periodic/semi-persistent SRS/CSI-RS, no further periodicities and slot offsets need to be defined for Rel-15.
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