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Introduction
[bookmark: _In-sequence_SDU_delivery]With respect to QCL definitions, there has been some agreements the last two meeting, where the highlights are listed here
· NR supports with and without a downlink indication to derive QCL assumption for assisting UE-side beamforming for downlink control channel reception
· FFS: details
· E.g., QCL assumption details
· E.g., indication signaling (e.g. DCI, MAC CE, RRC, etc.)
· E.g., beam-related indication for DL control and data channels 
· For downlink, NR supports beam management with and without beam-related indication
· When beam-related indication is provided, information pertaining to UE-side beamforming/receiving procedure used for data reception can be indicated through QCL to UE

· The followings are defined as Tx/Rx beam correspondence at TRP and UE :
· Tx/Rx beam correspondence at TRP holds if at least one of the following is satisfied:
· TRP is able to determine a TRP Rx beam for the uplink reception based on UE’s downlink measurement on TRP’s one or more Tx beams.
· TRP is able to determine a TRP Tx beam for the downlink transmission based on TRP’s uplink measurement on TRP’s one or more Rx beams
· Tx/Rx beam correspondence at UE holds if at least one of the following is satisfied: 
· UE is able to determine a UE Tx beam for the uplink transmission based on UE’s downlink measurement on UE’s one or more Rx beams.
· UE is able to determine a UE Rx beam for the downlink reception based on TRP’s indication based on uplink measurement on UE’s one or more Tx beams.
· More refined definition can still be discussed
· Scheme B: Non-codebook based UL transmission
· Support frequency selective precoding for CP-OFDM when the number of transmission port is greater than Y (FFS: Value of Y).
· Support the indication of DL measurement RS for UE to calculate candidate precoder
· Study the mechanisms for UL precoder determination, e.g. precoded SRS based, non-precoded SRS based, hybrid precoded and non-precoded SRS based


In this contribution we elaborate on the QCL for UL.
[bookmark: _Ref178064866]Discussion
For nodes that have reciprocity-calibrated transmitter and receiver chains it may be useful to know when a signal that will be received is the reciprocal response to another signal that was transmitted earlier or vice versa. That is, assuming a node with analog beamforming is transmitting a SRS or a PRACH with some analog beam, when receiving a response to the sounding or PRACH the UE could expect the response to arrive through the reciprocal channel, for which the receiver beam could favorably be the same beam as was used for the reciprocal transmission. Likewise, the PRACH transmission may be a response to a received SS block or a mobility RS. 
Hence, the spatial QCL framework could be extended to also cover the use case of reciprocal responses for analog beamforming by defining the received signal to be reciprocally quasi co-located with the transmitted signal or vice versa.
[bookmark: _Toc462953264][bookmark: _Toc462997231][bookmark: _Toc462997908][bookmark: _Toc465163957][bookmark: _Toc465166430][bookmark: _Toc465236898][bookmark: _Toc473868441][bookmark: _Toc473876524][bookmark: _Toc473877626][bookmark: _Toc477972994]Support reciprocal spatial quasi co-location at a node, where a signal received at a node and a transmitted signal from the same node, are spatially QCL.
[bookmark: _Toc473877627]In particular, when beam correspondence holds at the UE, which likely will be a default operation, then the UE could be signalled to transmit precoded SRS or a precoded PUSCH or PUCCH in the same direction as it has received a certain CSI-RS. Hence, the specification need to support reciprocal spatial QCL as in Proposal 1 and in particular:
[bookmark: _Toc473877628][bookmark: _Toc477972995]Support reciprocal spatial QCL at the UE between the reception of a SS block or a CSI-RS resource and a transmitted signal such as an SRS resource, PUCCH or PUSCH. 
[bookmark: _Toc473877629]This will ensure that a gNB knows the receive spatial correlation of a signal transmitted from the UE and the gNB can thus adapt its receiver accordingly. For non-codebook based UL transmission of data, i.e. where precoding is decided by the UE, it has been agreed to support the indication of DL measurement RS for UE to calculate candidate precoder. Hence, for this purpose we 
[bookmark: _Toc477972996]In UL transmission scheme B, a DL indication defines which CSI-RS is reciprocally and spatially QCL with the scheduled PUSCH and PUCCH DMRS.
[bookmark: _Toc477972997]This signalling is at least included in the DCI carrying the UL grant. 
[bookmark: _Toc473877630]Moreover, when there is a problem with uplink interference where many UE transmit uplink data and sounding at the same time and the network is dense (many gNB in a small area) it is beneficial to reduce uplink interference by using uplink precoding based on channel reciprocity. The UL QCL framework and Proposal 1 can also be extended to cover this case:
[bookmark: _Toc473877631][bookmark: _Toc477972998]Support suppression of uplink interference towards victim gNB using precoded transmitted signals from the UE, by defining that the transmission is not spatially QCL (in reciprocal sense) with the reception of a CSI-RS resource transmitted from a victim TRP or gNB. 
The transmitted signal could here be for example PUSCH, PUCCH or SRS. Again, whether additional explicit signalling is needed to indicate which CSI-RS resource are victim and which are desired needs further study as it may already fit under the agreed CSI framework.

Conclusions
Based on the discussion in this contribution we propose the following:
Proposal 1	Support reciprocal spatial quasi co-location at a node, where a transmitted signal received at a node and a transmitted signal from the same node, are spatially QCL.
Proposal 2	Support reciprocal spatial QCL at the UE between the reception of a CSI-RS resource and a transmitted signal such as an SRS resource, PUCCH or PUSCH.
Proposal 3	In UL transmission scheme B, a DL indication defines which CSI-RS is reciprocally and spatially QCL with the scheduled PUSCH and PUCCH DMRS.
This signalling is at least included in the DCI carrying the UL grant.
Proposal 4	Support suppression of uplink interference towards victim gNB using precoded transmitted signals from the UE, by defining that the transmission is not spatially QCL (in reciprocal sense) with the reception of a CSI-RS resource transmitted from a victim TRP or gNB.
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