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1 Introduction
Rel-17 MIMO enhancements have been finished, while there are some remaining issues. In this contribution, we provided our views on the remaining issue on DCI based TCI state indication.
2 [bookmark: OLE_LINK64][bookmark: OLE_LINK65]Discussion
L1-based beam indication can be supported based on DCI formats 1_1/1_2 with and without DL assignment. It had been discussed for several meetings that whether only ACK or both ACK/NACK can be applied for confirmation of TCI state indication. Even confirmation only based on ACK is reasonable and accepted by majority companies, it was finally not agreed.
2.1 Issue 1 on determination of previously indicated TCI state
Actually, for the several meetings, the discussion merely considered on HARQ-ACK multiplexing cases, i.e. if there are more than one DCI with TCI state indications, and HARQ-ACK information bits are multiplexed in same HARQ-ACK codebook. In this case, the issue is which TCI state should be applied after the same application timing. Based on current TS 38.214, the description is as follows:
	TS 38.214 section 

When the UE would transmit the last symbol of a PUCCH with HARQ-ACK information or a PUSCH with HARQ-ACK information corresponding to the DCI carrying the TCI State indication and without DL assignment, or corresponding to the PDSCH scheduling by the DCI carrying the TCI State indication, and if the indicated TCI State is different from the previously indicated one, the indicated DLorJointTCIState or UL-TCIstate should be applied starting from the first slot that is at least  symbols after the last symbol of the PUCCH or the PUSCH. The first slot and the  symbols are both determined on the carrier with the smallest SCS among the carrier(s) applying the beam indication. 


In our understanding, there is still unclear on “if the indicated TCI State is different from the previously indicated one”, the issue is what is the meaning of “previously indicated one”, especially in case of HARQ-ACK multiplexing. Is this only in time domain? In our understanding, if the PDCCHs are ordered in a sequence, it will be clear. 
If the PDCCH are TDMed (i.e. on different PDCCH monitoring occasions), previously indicated TCI state seems sufficient. But if more than one PDCCH is on same PDCCH monitoring occasion, the issue turns to be:
· Whether the indicated TCI states in more than one PDCCH on same PDCCH monitoring occasion can be different?
· At least from current TS, there is no restriction that the indicated TCI states on same PDCCH monitoring occasion should be same
· If the indicated TCI states on same PDCCH monitoring occasion can be different, then which one should be the previously indicated one, in other words, how to order the indicated TCI states?
· The PDCCHs on same monitoring occasion need to be ordered, for example, current ordering of DCIs on same PDCCH monitoring occasion can be reused.
The example can be shown in Figure. 1.


Figure 1. TCI state indications on same PDCCH monitoring occasion
If the answer is no, we think it’s better to clarify the restriction in TS, as shown in following TP.
Observation1: Whether indicated TCI states in DCIs detected on same monitoring occasion can be different should be clarified, if the answer is no, following TP is proposed for clarification.
	TS 38.214 section 5.1.5
< Unchanged parts are omitted >
When the UE would transmit the last symbol of a PUCCH with HARQ-ACK information or a PUSCH with HARQ-ACK information corresponding to the DCI carrying the TCI State indication and without DL assignment, or corresponding to the PDSCH scheduling by the DCI carrying the TCI State indication, and if the indicated TCI State is different from the previously indicated one, the indicated DLorJointTCIState or UL-TCIstate should be applied starting from the first slot that is at least  symbols after the last symbol of the PUCCH or the PUSCH. The first slot and the  symbols are both determined on the carrier with the smallest SCS among the carrier(s) applying the beam indication. The UE assumes the indicated DLorJointTCIState or UL-TCIstate in DCIs detected on same PDCCH monitoring occasion to be same.
< Unchanged parts are omitted >


While, in our understanding, the strict restriction is not needed, and considering scheduling flexibility, the indicated TCI states in PDCCHs on same monitoring occasion can be different, as long as we define an order for the PDCCHs on same monitoring occasion. One example for scheduling is that, DCIs are on same PDCCH monitoring occasion, while the scheduling and the HARQ feedback can be on different slots, in this case, there is no need to restrict the indicated TCI states to be same, as shown in Figure. 2. 


Figure 2. TCI state indications on same PDCCH monitoring occasion
In current spec, there are several places with the definition. For example, the DCIs on same monitoring occasion can at least be indexed based on serving cell indexes. And in case of HARQ-ACK multiplexing, no matter Type-1 or Type-2 HARQ-ACK codebook generation, the DCIs detected on same PDCCH monitoring occasion are actually ordered in a sequence. We can reuse the order for the DCIs on same monitoring occasion for determining previous indicated TCI state, as proposed in our companion CR [1], we also listed two alternatives of TP as follows.
Proposal 1: Support that the indicated TCI states in DCIs detected on same monitoring occasion can be different, and the DCIs on same monitoring occasion can be ordered based on serving cell indexes or based on order of HARQ-ACK bits in a HARQ-ACK codebook.

· Alt 1. DCIs indexed based on serving cell indexes
	TS 38.214 section 5.1.5
< Unchanged parts are omitted >
When the UE would transmit the last symbol of a PUCCH with HARQ-ACK information or a PUSCH with HARQ-ACK information corresponding to the DCI carrying the TCI State indication and without DL assignment, or corresponding to the PDSCH scheduling by the DCI carrying the TCI State indication, and if the indicated TCI State is different from the previously indicated one, the indicated DLorJointTCIState or UL-TCIstate should be applied starting from the first slot that is at least  symbols after the last symbol of the PUCCH or the PUSCH. The indicated TCI states in detected DCI formats are first indexed in an ascending order across serving cells indexes for a same PDCCH monitoring occasion and are then indexed in an ascending order across PDCCH monitoring occasion indexes. The first slot and the  symbols are both determined on the carrier with the smallest SCS among the carrier(s) applying the beam indication. 
< Unchanged parts are omitted >



· Alt 2. DCIs indexed based on order of HARQ-ACK bits sequence
	TS 38.214 section 5.1.5
< Unchanged parts are omitted >
When the UE would transmit the last symbol of a PUCCH with HARQ-ACK information or a PUSCH with HARQ-ACK information corresponding to the DCI carrying the TCI State indication and without DL assignment, or corresponding to the PDSCH scheduling by the DCI carrying the TCI State indication, and if the indicated TCI State is different from the previously indicated one, the indicated DLorJointTCIState or UL-TCIstate should be applied starting from the first slot that is at least  symbols after the last symbol of the PUCCH or the PUSCH. If the UE generates HARQ-ACK codebook, as described in clause 9.1 of [6, TS 38.213], the indicated TCI states in detected DCI formats are indexed based on the order of HARQ-ACK bits in the HARQ-ACK codebook. The first slot and the  symbols are both determined on the carrier with the smallest SCS among the carrier(s) applying the beam indication. 
< Unchanged parts are omitted >



2.2 Issue 2 on order of DCI formats with and without DL assignment
As agreed, both DCI formats with and without DL assignment can indicate unified TCI state update, and for DCI format without DL assignment, it’s similar as DCI for SPS release. In current spec, expect multi-TRP transmission, out of order for PDSCH scheduling and HARQ-ACK feedback is not supported, while this restriction is not applied for DCI without DL assignment, in other words, for a later DCI format without DL assignment, the HARQ-ACK feedback can be earlier, as shown in Figure. 2. 


Figure 2. TCI state application for DCI with and without DL assignment

As shown in Figure. 2, DCI without DL assignment doesn’t need to follow in order HARQ-ACK feedback, in our understanding, this is quite useful for fast TCI state update, without extra delay (e.g. PDSCH scheduling, decoding) and ambiguous (as ACK/NACK of DCI detection is much clearer). For the case shown in Figure. 2, the application timing for TCI state 1 is later than that of TCI state 2, while the indication of TCI state 2 is later than TCI state 1, the issue is that whether TCI state 1 should be applied after the application timing? 
Observation2: Whether the issue shown in Figure. 2 is valid? 
In our understanding, there is no need of applying TCI state 1, which is an old indicated TCI state. If the issue is valid, we propose to clarify this.
Proposal 2: The indicated TCI state(s) later than the previously applied TCI state will not be applied after application timing.
	TS 38.214 section 5.1.5
< Unchanged parts are omitted >
When the UE would transmit the last symbol of a PUCCH with HARQ-ACK information or a PUSCH with HARQ-ACK information corresponding to the DCI carrying the TCI State indication and without DL assignment, or corresponding to the PDSCH scheduling by the DCI carrying the TCI State indication, and if the indicated TCI State is different from the previously indicated one and is later than the previously applied TCI state, the indicated DLorJointTCIState or UL-TCIstate should be applied starting from the first slot that is at least  symbols after the last symbol of the PUCCH or the PUSCH. The first slot and the  symbols are both determined on the carrier with the smallest SCS among the carrier(s) applying the beam indication. 
< Unchanged parts are omitted >



3 Conclusion
In this contribution, we provided our views on issues for DCI based TCI state indication, and we have the following observations and proposals:
Issue 1 on determination of previously indicated TCI state
Observation1: Whether indicated TCI states in DCIs detected on same monitoring occasion can be different should be clarified, if the answer is no, following TP is proposed for clarification.
	TS 38.214 section 5.1.5
< Unchanged parts are omitted >
When the UE would transmit the last symbol of a PUCCH with HARQ-ACK information or a PUSCH with HARQ-ACK information corresponding to the DCI carrying the TCI State indication and without DL assignment, or corresponding to the PDSCH scheduling by the DCI carrying the TCI State indication, and if the indicated TCI State is different from the previously indicated one, the indicated DLorJointTCIState or UL-TCIstate should be applied starting from the first slot that is at least  symbols after the last symbol of the PUCCH or the PUSCH. The first slot and the  symbols are both determined on the carrier with the smallest SCS among the carrier(s) applying the beam indication. The UE assumes the indicated DLorJointTCIState or UL-TCIstate in DCIs detected on same PDCCH monitoring occasion to be same.
< Unchanged parts are omitted >


Proposal 1: Support that the indicated TCI states in DCIs detected on same monitoring occasion can be different, and the DCIs on same monitoring occasion can be ordered based on serving cell indexes or based on order of HARQ-ACK bits in a HARQ-ACK codebook.
· Alt 1. DCIs indexed based on serving cell indexes
	TS 38.214 section 5.1.5
< Unchanged parts are omitted >
When the UE would transmit the last symbol of a PUCCH with HARQ-ACK information or a PUSCH with HARQ-ACK information corresponding to the DCI carrying the TCI State indication and without DL assignment, or corresponding to the PDSCH scheduling by the DCI carrying the TCI State indication, and if the indicated TCI State is different from the previously indicated one, the indicated DLorJointTCIState or UL-TCIstate should be applied starting from the first slot that is at least  symbols after the last symbol of the PUCCH or the PUSCH. The indicated TCI states in detected DCI formats are first indexed in an ascending order across serving cells indexes for a same PDCCH monitoring occasion and are then indexed in an ascending order across PDCCH monitoring occasion indexes. The first slot and the  symbols are both determined on the carrier with the smallest SCS among the carrier(s) applying the beam indication. 
< Unchanged parts are omitted >



· Alt 2. DCIs indexed based on order of HARQ-ACK bits sequence
	TS 38.214 section 5.1.5
< Unchanged parts are omitted >
When the UE would transmit the last symbol of a PUCCH with HARQ-ACK information or a PUSCH with HARQ-ACK information corresponding to the DCI carrying the TCI State indication and without DL assignment, or corresponding to the PDSCH scheduling by the DCI carrying the TCI State indication, and if the indicated TCI State is different from the previously indicated one, the indicated DLorJointTCIState or UL-TCIstate should be applied starting from the first slot that is at least  symbols after the last symbol of the PUCCH or the PUSCH. If the UE generates HARQ-ACK codebook, as described in clause 9.1 of [6, TS 38.213], the indicated TCI states in detected DCI formats are indexed based on the order of HARQ-ACK bits in the HARQ-ACK codebook. The first slot and the  symbols are both determined on the carrier with the smallest SCS among the carrier(s) applying the beam indication. 
< Unchanged parts are omitted >



Issue 2 on order of DCI formats with and without DL assignment
Proposal 2: The indicated TCI state(s) later than the previously applied TCI state will not be applied after application timing.
	TS 38.214 section 5.1.5
< Unchanged parts are omitted >
When the UE would transmit the last symbol of a PUCCH with HARQ-ACK information or a PUSCH with HARQ-ACK information corresponding to the DCI carrying the TCI State indication and without DL assignment, or corresponding to the PDSCH scheduling by the DCI carrying the TCI State indication, and if the indicated TCI State is different from the previously indicated one and is later than the previously applied TCI state, the indicated DLorJointTCIState or UL-TCIstate should be applied starting from the first slot that is at least  symbols after the last symbol of the PUCCH or the PUSCH. The first slot and the  symbols are both determined on the carrier with the smallest SCS among the carrier(s) applying the beam indication. 
< Unchanged parts are omitted >
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