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[bookmark: _Ref494466974]Introduction
[bookmark: _GoBack]In RAN1 Ad Hoc #3 (Nagoya), good progress was made in defining a configuration framework forming the basis for dynamic indication of QCL (including spatial QCL) for both PDSCH and PDCCH reception. In our companion paper [1], we address some of the open items in the Nagoya agreements so as to further build on the established Transmission Configuration Indictor (TCI) framework. 
Figure 1 introduced in [1] shows our view on how the TCI framework including CORESETs can be RRC configured for a given UE. In this example, M TCI states and two CORESETs are configured, where each TCI state contains an RS Set comprised of references (e.g., IDs) of one or more DL RSs. The DL RS(s) in the RS Set serve as QCL references for the demodulation of PDSCH and potentially PDCCH depending on if a CORESET configuration is “linked” to that TCI state. One DL RS may be used for spatial QCL purposes (e.g., SSB, CSI-RS), and another for T/F QCL purposes (e.g., TRS). For PDSCH, the QCL reference is dynamically indicated by a TCI field in DCI. For PDCCH, the QCL reference is semi-statically configured by a reference (e.g., a “link”) to a particular TCI state. For mm-wave operation, at least the DL RS in the RS Set used for spatial QCL purposes is dynamically initialized/updated based on UE measurements/reports. Mechanisms for the dynamic update of the spatial QCL reference are proposed in [1].
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[bookmark: _Ref494566303]Figure 1: RRC configuration of TCI states and “linked” CORESETs
QCL Indication for UL
While DL beam management and DL beam indication have been discussed extensively, there are still open issues with regards to the behaviour of the uplink signals PUSCH and PUCCH, and what if any, QCL assumptions are needed for these signals. For example, at mm-wave frequencies with analog beamforming, if a PUCCH is transmitted in response to a DL signal, e.g., PUCCH carrying ACK/NACK of PDSCH transmission, in what direction should the UE transmit PUCCH? It is desirable that the gNB has control over this, so that it knows how to tune its analog Rx beam to receive the PUCCH transmission.
One RAN1 agreement takes a step toward specifying such behavior, albeit for SRS:
Agreements:
· When UE beam correspondence holds,
· NR supports the indication for a configured SRS resource, where the transmission of the SRS resource is performed with the same spatial filtering as the one used for the reception of the indicated DL RS
· The indication can be based on CSI-RS resource, 
· FFS: signaling details (e.g., a low overhead mechanism, reciprocal QCL (if supported))
· FFS: The indication via MAC CE and/or DCI
· NR supports a UL RS indication for a configured SRS resource, where UE transmits the SRS using the beam used for transmitting the indicated UL RS
· The UL RS indication can be SRI (SRS resource indicator), at least
· FFS: The indication via MAC CE and/or DCI

This agreement says that the UE can transmit SRS in the reciprocal direction as for the reception of a previously transmitted DL RS from the gNB, e.g., CSI-RS. Additionally, it says that SRS can be transmitted in the same direction as a previously transmitted SRS indicated by the gNB, e.g., through SRI.
What is missing is similar agreements for PUSCH and PUCCH. Furthermore, in order to specify this in the standard, for all UL signals (SRS, PUSCH, PUCCH), some notion of expected reciprocal behavior at the UE is needed. Our view is that reciprocal spatial QCL would serve this purpose, and we propose that in [2]. Specifically, we propose that a signal received at a node and a signal transmitted from the same node are related by a reciprocal spatial QCL assumption, as mentioned in the highlighted FFS in the above agreement.
[bookmark: _Toc494572247]RAN1 is missing agreements on the behaviour of PUCCH and PUSCH in terms of how the transmitted signals from the UE are related to previously received DL RSs at the UE (e.g., CSI-RS) and/or previously indicated UL RSs from the UE (e.g., SRS).
[bookmark: _Hlk494572389]Clearly, if DL beam indication is used, i.e., through the configuration and signalling of TCI states, it would be natural to support beam indication in the uplink as well. This is beneficial to aid the UE in adjusting its Tx spatial configuration, i.e., spatial filter/spatial precoder/beam for the purposes of transmitting UL signals (PUSCH, PUCCH, and SRS). This simplifies gNB operation in the demodulation of PUSCH and PUCCH in that the received signals at the gNB can be aligned with a desired gNB analog beam direction. Since the TCI framework for DL QCL indication has already been agreed, it makes sense to leverage that framework as much as possible for UL beam indication.
As mentioned above, to enable a UE to adjust its Tx spatial configuration for the transmission of PUSCH/PUCCH/SRS, a spatial QCL reference is needed. In the case of UEs with UL/DL beam correspondence, a natural candidate is the DL RS (CSI-RS or SSB) contained in the RS Set of a signalled TCI as shown in Figure 1. The UE can then adjust its spatial Tx configuration such that it is reciprocal to the spatial Rx configuration with the DL RS. Here reciprocal can mean that a UE Tx beam is oriented in the reciprocal direction of an Rx beam. In more precise specification language, it means that ports of the transmitted uplink reference signal (PUSCH/PUCCH DMRS or SRS) are reciprocally and spatially quasi-co-located with the ports of the DL RS, according to the proposal in [2].
In the case of DL beam indication the TCI field is signalled in the same DCI as a DL grant which schedules PDSCH. For the case of UL beam indication, it makes sense to extend this framework such that the TCI field is included in whatever DCI triggers an UL transmission, whether it be PUSCH, PUCCH, or SRS.
[bookmark: _Toc494572248][bookmark: _Hlk494570019]For the case of UEs with beam correspondence, NR supports UL beam indication for PUSCH, PUCCH, and SRS. The DCI triggering the UL transmission contains a TCI field which provides a reference to a DL RS to be used by the UE for reciprocal spatial QCL purposes for the transmission of PUSCH, PUCCH, and/or SRS. 
The above proposal concerns UL signals that are triggered by DCI; however, not all UL signal transmissions are triggered in this way, for example, PUCCH carrying a periodic CSI report based on periodic CSI-RS. In this case, it would make sense to specify (outside a TCI state configuration), that the UE shall transmit periodic CSI on PUCCH such that PUCCH is reciprocally and spatially QCL with the most recent received periodic CSI-RS on which the UE performed a measurement to generate the CSI report. 
In the above discussion, the UE makes use of a DL RS (CSI-RS, SSB) as the spatial QCL reference to adjust its spatial Tx configuration. However, there are at least two use cases where it is beneficial for the UE to make use of an UL RS (e.g., SRS) as the spatial QCL reference: (1) UL beam indication for UEs lacking UL/DL beam correspondence, and (2) DL beam indication for reciprocity-based operation. To support these use cases, it makes sense to extend the beam indication framework such that UL RSs can be associated with TCI states, e.g., as yet another type of RS to be included in the RS Set of a TCI state. The particular SRS that is associated with the TCI state can be based on a prior measurement at the gNB on a set of SRS resources transmitted by the UE, e.g., in a U3 procedure. Based on this measurement, the gNB explicitly signals the UE with an SRS resource indicator (SRI) indicating the preferred SRS resource along with the TCI to which the UE should associated the indicated SRI. In this way, when TCI is signalled in DCI at a later point in time for the purposes of either DL or UL beam indication, the associated UL RS provides the UE with the needed spatial QCL reference.
For use case (1), the UE adjusts its spatial Tx configuration such that it aligns with the spatial Tx configuration associated with the UL RS (SRS) contained in the TCI state signalled over DCI in an UL grant. In this way, the gNB can control the receive direction for PUSCH/PUSCH/SRS for UEs lacking UL/DL beam correspondence. For use case (2), the UE adjusts its spatial Rx configuration such that it is reciprocal to the spatial Tx configuration associated with the UL RS (SRS) contained in the TCI state signalled over DCI in a DL grant. In this way, the gNB can base its DL beamforming decisions for transmission of PDSCH/PDCCH/CSI-RS/PTRS/TRS based on SRS measurements (reciprocity), while simultaneously providing the UE with the needed spatial QCL reference for adjusting its spatial Rx configuration for reception of the transmitted DL signals.
[bookmark: _Toc494572249][bookmark: _Toc492921925][bookmark: _Toc492922049][bookmark: _Toc492922156][bookmark: _Toc492922194][bookmark: _Toc492922255][bookmark: _Toc492922437][bookmark: _Toc492922635][bookmark: _Toc492924625][bookmark: _Toc494558629][bookmark: _Toc492902597][bookmark: _Toc494566462]To enable either (1) UL beam indication for UEs lacking UL/DL beam correspondence (if supported) and (2) DL beam indication for reciprocity operation, NR supports inclusion of an SRS resource in an RS Set associated with a TCI state for the purposes of indicating reciprocal spatial QCL for (1) or spatial QCL for (2).
Conclusions
In this contribution we made the following observations:
Observation 1	RAN1 is missing agreements on the behaviour of PUCCH and PUSCH in terms of how the transmitted signals from the UE are related to previously received DL RSs at the UE (e.g., CSI-RS) and/or previously indicated UL RSs from the UE (e.g., SRS).

We make the following proposals:
Proposal 1	For the case of UEs with beam correspondence, NR supports UL beam indication for PUSCH, PUCCH, and SRS. The DCI triggering the UL transmission contains a TCI field which provides a reference to a DL RS to be used by the UE for reciprocal spatial QCL purposes for the transmission of PUSCH, PUCCH, and/or SRS. 
Proposal 2	To enable either (1) UL beam indication for UEs lacking UL/DL beam correspondence (if supported) and (2) DL beam indication for reciprocity operation, NR supports inclusion of an SRS resource in an RS Set associated with a TCI state for the purposes of indicating reciprocal spatial QCL for (1) or spatial QCL for (2).
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