
3GPP TSG RAN WG1 Meeting #98                                                                      R1-1909422
Prague, CZ, August 26th – 30th, 2019
Source:
OPPO, CMCC, ZTE
Title:
Enable downgrading SRS antenna switching from 2T4R to 1T2R
Agenda Item:
7.2.14
Document for:
Discussion and Decision

1. Background
For TDD systems with antenna calibration, the channel reciprocity can be exploited to facilitate the DL CSI acquisition based on uplink SRS measurement and then assist DL beamforming/precoding. In order to support such functionality, NR introduces the UE sounding procedure for DL CSI acquisition, which is also named as antenna switching or SRS Tx port switching. In Rel-15, the following types of SRS Tx port switching are supported [1]:
· 1T2R (‘t1r2’)

· 2T4R (‘2T4R’)

· 1T4R(‘t1r4’)

· 1T=1R(‘t1r1’)

· 2T=2R(‘t2r2’)

· 4T=4R(‘t4r4’)

In addition to the above-mentioned six UE capabilities each of that corresponding to one type of SRS Tx port switching, there is an additional UE capability of ‘t1r4-t2r4’ that indicates the UE supports both 1T4R and 2T4R. The detailed UE capability signaling for SRS Tx port switching specified in TS 38.331 [2] is as follows:
	srs-TxSwitch                    SEQUENCE {
        supportedSRS-TxPortSwitch       ENUMERATED {t1r2, t1r4, t2r4, t1r4-t2r4, t1r1, t2r2, t4r4, notSupported},
        txSwitchImpactToRx              INTEGER (1..32)                         OPTIONAL,
        txSwitchWithAnotherBand         INTEGER (1..32)                         OPTIONAL
    }


2. Motivation
In most of the mainstream NR frequency bands, NR system is deployed with TDD mode. Generally, in TDD system, less resources (e.g., slots) are allocated for UL transmission than for DL transmission. As a result, the UL data throughput could be the bottleneck in the whole system in some scenarios. In order to address that issue, one solution is the UE is equipped with more than one Tx antennas to support multiple layers for UL transmission. Therefore, we can observe that a SA UE in China market will be one with 2 Tx antennas to pursue higher UL data throughput as required by operators. One big challenge we have to face for 5G UE is: compared with 4G UE, 5G UE with 2 transmit antennas will suffers more power consumption. That would potentially lead to the overheating problem.
Therefore, for a UE with 2 Tx antennas, it is beneficial to operate with a configured “downgraded” mode of 1 Tx for special cases, e.g.,
· UE reports the overheating

· The downlink / uplink services only require low data rate.

For the PUSCH and the associated SRS transmission, Rel-15 specification already supports the “downgraded” configurations for the UE. According to the Rel-15 specification, gNB can configure 1-port SRS resource and PUSCH with 1 antenna port for a UE with 2 Tx antenna. With that case, UE can use one Tx antenna for PUSCH and the associated SRS transmission.
We shall configure a ‘downgraded’ mode for SRS Tx port switching to the UE for the special cases. But for configuring “downgraded” SRS Tx port switching, Rel-15 specification only supports partial function.  The ‘t1r4-t2r4’ reported in Rel-15 UE capability signaling can be used to support “downgraded” mode of 1 Tx for some particular type of UE implementation. For those 2-Tx UE reporting ‘t1r4-t2r4’, the gNB can configure 1-port SRS resources for SRS Tx port switching and thus such type of 2-Tx UEs can turn off one RF chain completely to save power if the “downgraded” mode of 1 Tx is configured. Unfortunately, this UE capability is not applicable to the UE implementation with 2 Tx antennas. 

A SA UE with 2 Tx antennas is shown in Figure 1, where one PA can switch between one pair of antennas and another PA switches between another pair of antennas. This architecture is simple and easy for UE implementation. Obviously, this SA UE can support SRS Tx port switching of ‘t1r2’ and ‘t2r4’, but is not able to support SRS Tx port switching of ‘t1r4’. But Rel-15 specification does not have signaling to support both of ‘t1r2’ and ‘t2r4’ and generally the UE will have to report to the network that it supports SRS Tx port switching of ‘t2r4’.
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Figure 1: A SA UE with 2 Tx antennas
The SRS configuration for ‘t2r4’ (equivalently 2t4r) specified in TS 38.214 [1] is as follows:
	6.2.1.2
UE sounding procedure for DL CSI acquisition
…
-  For 2T4R, up to two SRS resource sets configured with a different value for the higher layer parameter resourceType in SRS-ResourceSet set, where each SRS resource set has two SRS resources transmitted in different symbols, each SRS resource in a given set consisting of two SRS ports, and 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


From the part marked with RED, we can observe that gNB cannot configure 1-port SRS resources for SRS Tx port switching if UE reports to support “t2r4”. Thus, this UE would have to always use 2 Tx RF chains for SRS Tx port switching transmission when the UE is configured to use only 1 Tx RF chain for PUSCH and the corresponding SRS. In this case, UE cannot turn off one RF chain completely, which prevent the further power saving.
3. Solution
In order to address the above issue, Rel-16 should allow gNB to configure 1-port SRS resources for SRS Tx port switching if UE reports to support “t2r4”. A straightforward method is introducing a new UE capability for 1T2R/2T4R, similar to 1T4R/2T4R in Rel-15. For that, some modifications marked in RED are needed for both TS 38.214 and 38.331:
	--------------------------------------------------- TS 38.214 ---------------------------------------------------------------

6.2.1.2
UE sounding procedure for DL CSI acquisition
When the UE is configured with the higher layer parameter usage in SRS-ResourceSet set as 'antennaSwitching', the UE may be configured with one of the following configurations depending on the indicated UE capability supportedSRS-TxPortSwitch ('t1r2' for 1T2R, 't2r4' for 2T4R, 't1r4' for 1T4R, 't1r4-t2r4' for 1T4R/2T4R, 't1r2-t2r4' for 1T2R/2T4R,  't1r1' for 1T=1R, 't2r2' for 2T=2R, or 't4r4' for 4T=4R):

---------------------------------------------------------------------------------------------------------------------------------------

-------------------------------------------------- TS 38.331 -----------------------------------------------------------------------

srs-TxSwitch                    SEQUENCE {
        supportedSRS-TxPortSwitch       ENUMERATED {t1r2, t1r4, t2r4, t1r4-t2r4, t1r2-t2r4, t1r1, t2r2, t4r4, notSupported},
        txSwitchImpactToRx              INTEGER (1..32)                         OPTIONAL,
        txSwitchWithAnotherBand         INTEGER (1..32)                         OPTIONAL
    }
---------------------------------------------------------------------------------------------------------------------------------------


Furthermore, it shall be noted that whether or not to configure a “downgraded” mode of 1 Tx for a UE with 2 Tx is totally up to gNB implementation.

One potential issue regarding a “downgraded” mode of 1 Tx for a UE with 2 Tx is whether the maximum transmit power (equivalently the power classes) will be changed accordingly or not. Further discussion or clarification is needed on this issue. 
4. Conclusion

In this contribution, we discuss the motivation of downgrading SRS antenna switching from 2T4R to 1T2R. We propose to introduce a new UE capability and the corresponding specification modifications are marked in RED as follows:

	--------------------------------------------------- TS 38.214 ---------------------------------------------------------------

6.2.1.2
UE sounding procedure for DL CSI acquisition
When the UE is configured with the higher layer parameter usage in SRS-ResourceSet set as 'antennaSwitching', the UE may be configured with one of the following configurations depending on the indicated UE capability supportedSRS-TxPortSwitch ('t1r2' for 1T2R, 't2r4' for 2T4R, 't1r4' for 1T4R, 't1r4-t2r4' for 1T4R/2T4R, 't1r2-t2r4' for 1T2R/2T4R,  't1r1' for 1T=1R, 't2r2' for 2T=2R, or 't4r4' for 4T=4R):

---------------------------------------------------------------------------------------------------------------------------------------

-------------------------------------------------- TS 38.331 -----------------------------------------------------------------------

srs-TxSwitch                    SEQUENCE {
        supportedSRS-TxPortSwitch       ENUMERATED {t1r2, t1r4, t2r4, t1r4-t2r4, t1r2-t2r4, t1r1, t2r2, t4r4, notSupported},
        txSwitchImpactToRx              INTEGER (1..32)                         OPTIONAL,
        txSwitchWithAnotherBand         INTEGER (1..32)                         OPTIONAL
    }
---------------------------------------------------------------------------------------------------------------------------------------
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