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Introduction
In RAN1#88bis meeting, a way forward on RS association for UL and DL beam management was discussed, however no agreements reached.
In this contribution, we discuss whether RS association in UL and DL is needed for beam management. 

Discussion
Case 1: Beam correspondence at TRP and UE
[bookmark: OLE_LINK1][bookmark: OLE_LINK2]Assume beam correspondence holds at TRP and UE, that means TRP or UE can determine own RX beam according to own TX beam or vice versa. This is the simplest scenario in beam management, only one side beam management may be sufficient in the system. For example, once UE is in connected mode, network can configure CSI-RS for P-1 beam management procedure.  With P-1 beam management procedure CSI-RS is transmitted in TX sweeping manner such that the UE will refine best TRP TX beam and UE RX beam. Due to beam correspondence at UE, the UE can use RX beam to determine its TX beam. The UE will report one or more best CRI corresponding to best TRP TX beams to the network via PUCCH or other UL channel. Due to beam correspondence at TRP, the TRP will listen to UE report in UL using corresponding RX beams without requiring TRP RX beam refinement (or training). In this case, UL beam refinement/management may not be needed. In case UL beam refinement is deemed necessary, gNB can configure UE to transmit SRS (periodic or aperiodic or semi-persistent) in beam sweeping manner. The gNB then determines best UL beam which will be indicated to the UE as SRI. Since beam correspondence holds at both TRP and UE, DL beam refinement and UL beam refinement can be used alternately as necessary. If UL beam management is used for beam refinement then as discussed above DL beam management may not be necessary. gNB signals best SRI to the UE, the UE can use SRI information for reception of DL data and transmission in UL.

Figure 1, example of DL beam management and data transmission
In figure 1, an example of DL beam management procedure and data scheduling in DL and UL are illustrated. In step 1, TRP transmits CSI-RS using N beam, according to CSI-RS configuration UE refines TRP TX beam and own RX beam, as shown in the figure the UE determines 2 best TRP TX beams (step 2) which is reported as CRIs using UL control channel (step 3). After TRP receives best CRIs reported by the UE, it can determine best TX beam for DL transmission and best RX beam for UL reception due to beam correspondence at TRP. In step 4, gNB schedules DL data to the UE using CRI information from the UE and necessary QCL information is also signaled. In step 5, gNB sends UL grant to the UE for scheduling data in UL, since TRP RX beam and TRP TX beam are reciprocal, gNB can indicate CRI as best TRP RX beam for UL reception, the UE can select best UE TX beam according to the UE RX beam which is associated with gNB indicated CRI.  

Case 2: beam correspondence at TRP only
Assume beam correspondence holds only at TRP that means TRP can determine RX beam according to TX beam or vice versa. In this case UE RX beam and UE TX are different, thus beam training in UL is necessary on top of beam training in DL. Similar to the Case 1 above, with P-1 beam management procedure CSI-RS is transmitted in TX sweeping manner such that the UE will refine best TRP TX beam and UE RX beam. The UE will report one or more best CRI corresponding to best TRP TX beams to the network via PUCCH or other UL channel. For beam training in UL, gNB can configure the UE to transmit SRS in TX sweeping manner then gNB refines best UE TX beam/s and indicate to the UE as SRI. After beam refinement is done in DL and UL; for data scheduling in DL gNB will signal QCL related information and for data scheduling in UL gNB will signal SRI in UL grant. 

Case 3: no beam correspondence at TRP and UE
Assume beam correspondence doesn’t hold at TRP and UE, this is the most complex scenario. For example, once UE is in connected mode, gNB can configure CSI-RS for P-1 beam management procedure. With P-1 beam management procedure CSI-RS is transmitted in TX sweeping manner such that the UE will refine best TRP TX beam and UE RX beam. gNB can also configure UE to transmit SRS (periodic or aperiodic or semi-persistent) in beam sweeping manner. Beam refinement in DL and UL can be done in parallel, once the UE determines best TRP TX beam/s it will report CRI/s using UL PUCCH or other UL channel. gNB will refine UE TX beam and TRP RX beam according to received SRS in UL, then SRI/s is indicated to the UE. After beam refinement is completed in DL and UL; for data scheduling in DL gNB will signal QCL related information and for data scheduling in UL gNB will signal SRI in UL grant.

Observation: in all three cases discussed above, there is no need for association between DL RS and UL RS for DL and UL beam management.
 
Conclusions
In this contribution we discussed generic procedures of DL and UL beam refinement with different assumption on beam correspondence. We have following observation:
Observation: in all three cases discussed above, there is no need for association between DL RS and UL RS for DL and UL beam management.
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