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Introduction
[bookmark: _Ref462918989]In current NR specs, the relationship between BWP and QCL/beam assumption is not clearly defined. On one hand, BWP is defined purely in frequency domain as a group of contiguous physical resource blocks associated with a specific numerology without any spatial property. On the other hand, the reference signal used for QCL/beam indication is associated with certain BWP. Therefore, in this contribution we analyse the QCL/beam assumption during the course of BWP switching.   
[bookmark: _Ref178064866]Discussion
As discussed in RAN1 before, the usage scenarios of BWP operation include enabling reduced UE bandwidth capability within a wideband carrier, enabling UE power saving by bandwidth adaptation, and enabling UE using different numerologies in FDM within a wideband carrier [1]. If more than one BWPs are configured to the UE, the active BWP can be switched among the configured ones using RRC, DCI, or timer. 
When UE performing BWP switching, it is important for UE to be able to keep the existing beam pair between gNB and UE, since BWP switching is aimed for, e.g. power saving, other than beam failure recovery. Beam pair can be updated by beam management procedures. In the following, we discuss the QCL/beam determination in case of BWP switching for DL.
2.1 PDCCH beam determination
TCI states for PDCCH monitoring are configured by RRC in TCI-StatesPDCCH for each CORESET, and if the number of TCI states is larger than 1, subsequently activated by MAC CE to provide QCL references for PDCCH.
After TCI states for CORESET monitoring is reconfigured by RRC, there is a delay between the RRC reconfiguration and MAC CE activation, which is the TCI ambiguity period. Currently, MIMO session is discussing whether it is necessary and how to define a default TCI state for PDCCH. There were at least broadly three alternatives being identified during the last meeting [2]. Note that these alternatives has some variations within and exact definition are not yet concluded:
Alt-1: Default TCI state for a CORESET is given by the SS/PBCH block identified during a RACH procedure or the RS for the most recently activated TCI state from the list TCI-StatesPDCCH for the CORESET
Alt-2: First element of the list of TCI states TCI-StatesPDCCH contains the default TCI state
Alt-3: No specification is needed for the case

[bookmark: _GoBack]Another issue is related to BWP switching. When UE is switched from an old BWP to a new one, it is unclear what TCI state will UE assume to monitor PDCCH in the new CORESET of the new BWP. If the new BWP is activated for the first time, there is naturally no active TCI state associated with the new CORESET. This is similar to the above-mentioned TCI ambiguity period between RRC reconfiguration and MAC-CE activation. On the other hand, if this CORESET in the new BWP has been activated before (in other words, UE has been switched from e.g. BWP#2 to BWP#1 and then back to BWP#2 again), there was an activated TCI state associated with the CORESET in new BWP, BWP#2 in the example. However, UE should not apply this historic TCI state to the PDCCH monitoring for CORESET in BWP#2 again, because during the period when UE is activated with BWP#1, the QCL assumption in BWP#2 may become outdated.
Note that even if the new and old BWPs have identical TCI states configurations, the TCI ambiguity for PDCCH still exists when new BWP is activated because the TCI states in new BWP is not determined. Therefore, specification work is needed to avoid misunderstanding between gNB and UE.
To specify the TCI state across BWP switching, alternatives that have been identified for the default TCI state between RRC reconfiguration and MAC CE activation can be considered. However, the demerit is BWP switching would trigger to change the working beam pair, which is not preferable. Among those three alternatives identified for RRC reconfiguration case, alt-1 is best for BWP switching case. No matter the existing TCI state in the old BWP is included in the TCI-StatePDCCH in new BWP or not, UE relies on the existing TCI state for PDCCH QCL assumption in the new BWP, at least for some time after switching. After UE measures new RS and send CSI report, gNB can activate new TCI-State in the new BWP by MAC CE. Although alt-2 can avoid misunderstanding between gNB and UE during BWP switching, it can introduce unnecessary beam pair switching. Moreover, first element of the list of TCI states may not even give sufficient radio link quality, resulting in beam failure potentially. As for the alt-3, it is unclear how the TCI ambiguity can be solved by implementation. Therefore, it is the least favourable solution.
As described above, the three alternatives identified for RRC reconfiguration are not finalized. Our proposal in alt.1 is, across DL BWP switching, UE uses the existing TCI state in the old BWP for PDCCH QCL assumption in the new BWP until MAC-CE activation.  
Therefore, we have the following proposal:  
Proposal 1: Across DL BWP switching, UE uses the existing TCI state in the old BWP for PDCCH QCL assumption in the new BWP until MAC-CE activation. 

2.2 PDSCH beam determination
As for the PDSCH QCL indication, a three-step procedure is involved. Step 1:RRC configures a set of TCI states for PDSCH in the corresponding BWP (by IE PDSCH-Config); Step 2: MAC CE activates a subset of TCI states (up to 8 states); Step 3: DCI format 1-1 dynamically indicate one of 8 states if TCI- PresentInDCI is enabled. If TCI- PresentInDCI is disabled or DCI format 1-0 is used, PDSCH beam simply “follows” PDCCH beam. 
During BWP switching, PDSCH QCL assumption can be determined using the old RS, similar to PDCCH case. The only difference is how to handle the TCI field in DCI in case of TCI- PresentInDCI enabled, since TCI indicator in DCI could be misinterpreted due to the mismatched configuration between old and new BWP. If the sets of TCI states activated by MAC CE for PDSCH are the same between the old and new BWPs, there is no issue for the TCI indication field in DCI format 1-1. Otherwise, some transformation is needed for the interpretation. One simple way is to ignore the TCI field in the DCI (i.e. the same as TCI- PresentInDCI disabled) until UE receives MAC CE to activate a new set of TCI states for the new BWP. It is up to gNB to decide when to send MAC CE for such activation, based on the CSI report from UE in the new BWP. On the other hand, for Rel-15, a reasonable assumption could be TCI states configuration across different BWPs are same in order to allow orthogonal operation between TCI handling and BWP switching. In this case, no additional specification is needed for PDSCH case.  

2.3 PUSCH/PUCCH beam determination
As for the PUSCH/PUCCH, the configuration/determination procedure is quite similar to PDSCH. Similar to PDSCH, as far as TCI states configuration among different BWPs are same, no additional specification is needed.

Conclusion
Based on the discussion, we propose following. 
Proposal 1: Across DL BWP switching, UE uses the existing TCI state in the old BWP for PDCCH QCL assumption in the new BWP until MAC-CE activation. 
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