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Background
[bookmark: _Hlk533669569][bookmark: _GoBack]In NR-U study phase, partial slot design was discussed and the following outcomes were captured in TR38.889 [1].
	The following options have been identified as possible candidates for PDSCH transmission in the partial slot at least for the first PDSCH(s) transmitted in the DL transmission burst. The options are not mutually exclusive.
-	Option 1: PDSCH(s) as in Rel-15 NR
-	Option 2: Punctured PDSCH depending on LBT outcome
-	Option 3: PDSCH mapping type B with durations other than 2/4/7 symbols
-	Option 4: PDSCH across slot boundary



Regarding COT indication, the following was captured in TR38.889 [1].
	In addition to the functionalities provided by DCI format 2_0 in Rel-15 NR, indication of the COT structure in the time domain has been identified as being beneficial.



[bookmark: _Hlk533669585]In this contribution we present our views on downlink structure and procedure for NR-U operation.
 
Discussions
NR-U operation without using partial slots
Dynamic indication of PDCCH monitoring occasions facilitates to utilize time domain resources efficiently even when a successful LBT is done in a middle of a slot. On the other hand, network may choose to operate without the initial partial slot (i.e. COT starts always from the slot boundary) but using full slots only. For example, FBE based operation doesn’t require the initial partial slot operation due to the fixed (and periodic) LBT opportunity. In such operation, Rel-15 PDCCH monitoring occasion configuration is sufficient, and the signal which facilitates power saving on PDCCH monitoring is not necessary.
Observation 1: 
· At least for full slot based NR-U operation (e.g. in case of FBE based operation), Rel-15 PDCCH monitoring occasion configuration is sufficient, and the signal which facilitates power saving on PDCCH monitoring is not necessary.

Downlink partial slot transmission
In RAN1#94bis, one of discussion points in terms of partial slot transmission was a PDSCH preparation time after a successful channel access at the gNB. Since PDSCH encoding requires a sufficient processing time, it is difficult for the gNB to re-generate transport block(s) after the successful channel access. As a result, we made the agreement saying that it was identified to be beneficial for the NR-U design to not require the gNB to change a pre-determined TBS for a PDSCH transmission depending on the LBT outcome, at least when the PDSCH is transmitted at the beginning of the gNB’s COT.
Another point would be PDCCH preparation time after the successful channel access at the gNB. Although PDCCH encoding requires less processing compared to the PDSCH, basically PDCCH has to be transmitted prior to the PDSCH transmission which is scheduled by the PDCCH. Therefore, it should be considered how long a gNB needs for PDCCH processing to update the DCI contents.

Proposal 1: 
· For downlink initial partial slot design, it should be considered how long a gNB needs for PDCCH processing to update the DCI contents.

In RAN1#94bis it was discussed how to handle partial slot. During offline discussions two different aspects were considered. One is PDSCH mapping, while the other is PDCCH monitoring interval. At first they were mixed up, but people tried to separate those two aspects. As an outcomes from the offline discussions the following options have been identified as possible candidates for PDSCH transmission in the partial slot at least for the first PDSCH(s) transmitted in the DL transmission burst.

· Option 1: PDSCH(s) as in Rel-15 NR
· Option 2: Punctured PDSCH depending on LBT outcome
· Option 3: PDSCH mapping type B with durations other than 2/4/7 symbols
· Option 4: PDSCH across slot boundary

However, PDSCH mapping and PDCCH monitoring interval are deeply related to each other, and therefore it is good to consider both of them at the same time. Figure 1 shows six different example cases in terms of PDCCH/PDSCH structure and PDCCH/PDSCH processing.
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Case A (Option 1)
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Case B (Option 1)
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Case C (Option 2 or 3)
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Case D (Option 2)

	[image: ]

Case E (Option 4)
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Case F (Option 4)


Figure 1: Initial partial slot structures and PDCCH/PDSCH processing

PDCCH/PDSCH processing at the gNB and UE is summarized in Table 1.
Case A: Case A and Case B are examples of Option 1. In Case A, an initial partial slot is filled out with several sets of a scheduling PDCCH and the scheduled PDSCH. PDCCHs are transmitted in several PDCCH monitoring occasions within the initial partial slot, and each of the PDCCHs uses PDSCH mapping type B for scheduling of a respective PDSCH. From the UE perspective, the behavior is the same as Rel-15 Case 2 (i.e. Rel-15 UE feature 3-2 in [2]). From the gNB point of view, the first PDCCH generation has to be after the successful LBT, while the gNB can start to prepare a transport block for the first PDSCH before getting the channel access. On the other hand, the time duration of the second PDSCH needs to be adjusted depending on the timing of the successful LBT. Therefore, the processing for the second PDSCH and the corresponding PDCCH has to be after the channel access.
Case B: The difference of Case B from Case A is the number of PDCCH monitoring occasions within the initial partial slot. That of Case B is only one, in which several PDCCHs are transmitted. From the UE perspective, PDCCH monitoring processing requirement is not as much as Case A, because of less monitoring occasions within the initial partial slot. However, Case B may require a bit more processing ability to the gNB side compared with Case A, because the gNB needs to finish the scheduling of the second PDSCH before the first PDCCH transmission.
Case C: Case C is related to Option 2 and 3. In Case C, an initial partial slot is filled out with a single scheduling PDCCH and a single scheduled PDSCH. The gNB starts PDSCH preparation prior to getting the channel, and right after the successful LBT the gNB generates PDCCH and transmits it followed by the PDSCH. The duration of the actual transmitted PDSCH is shorter than the assumed duration for the preparation. Therefore, puncturing or rate-matching needs to be applied to the PDSCH. Some information related to the modified duration (e.g. duration other than 2/4/7 symbols) could be carried in the scheduling PDCCH, since the PDCCH generation starts after the LBT. From the UE point of view, processing requirement for Case C is almost the same as for Case B.
Case D: Case D is related to Option 2. The difference of Case D from Case C is PDCCH contents. In Case D, the gNB prepares the PDCCH prior to getting the channel. Therefore, the DCI cannot indicate the accurate time domain resource allocation. The duration could be tied to the time domain location of the PDCCH which is actually transmitted. From the UE point of view, processing requirement for Case D is almost the same as for Case B.
Case E: Case E is similar to Case C in terms of PDCCH and PDSCH processing. In Case C, the PDSCH for the initial slot is shifted and is mapped across the slot boundary to the next slot. Therefore, Case # is related to Option 4. The duration of the actual transmitted PDSCH is the same as the assumed duration for the preparation. The gNB may adjust the duration of a PDSCH in the next slot based on the timing of the LBT in the initial partial slot so that the end of the PDSCH in the next slot is aligned to the next slot boundary.
[bookmark: _Hlk528333508]Case F: Case F is also related to Option 4. The difference of Case F from Case E is PDCCH contents. In Case D, the gNB prepares the PDCCH prior to getting the channel as in Case D. Therefore, the DCI cannot indicate the accurate time domain resource allocation. The actual time domain resource allocation could be tied to the time domain location of the PDCCH which schedules the concerned PDSCH. From the UE point of view, processing requirement for Case F is almost the same as for Case B.

Table 1: Processing of PDCCH generation and monitoring
	
	gNB size
	UE side

	
	PDCCH generation
	PDSCH 
generation
	PDCCH 
monitoring

	Case A (Option 1)
	After LBT
	2nd PDSCH generation after LBT
	Same as Rel-15 Case 2

	Case B (Option 1)
	After LBT
	2nd PDSCH generation after LBT
	Less complexity than Rel-15 Case 2

	Case C (Option 2 or 3)
	After LBT
	Same as normal scheduling
	Less complexity than Rel-15 Case 2

	Case D (Option 2)
	Prior to LBT
	Same as normal scheduling
	Less complexity than Rel-15 Case 2

	Case E (Option 4)
	After LBT
	Same as normal scheduling
	Less complexity than Rel-15 Case 2

	Case F (Option 4)
	Prior to LBT
	Same as normal scheduling
	Less complexity than Rel-15 Case 2




Based on the above analyses, if only Option 1 is supported in NR-U, enhanced processing is required for both of the gNB and UE. Option 2, 3 and 4 brings some mitigation on the requirements. More specifically, it is beneficial to support more flexible PDSCH duration even if the scheduling PDCCH is not located within the first three OFDM symbols.

[bookmark: _Hlk532901235]Proposal 2: 
· No need to introduce additional starting positions on top of what Rel-15 NR supports.
· It is beneficial to support more flexible PDSCH duration even if the scheduling PDCCH is not located within the first three OFDM symbols.

DL/UL direction indication and COT structure indication
On one hand, NR-U semi-static slot format configuration may not make much sense, since actual transmission start timing has to be adjusted depending on LBT result. On the other hand, in RAN1#94bis it was agreed that, in addition to the functionalities provided by DCI format 2_0 in Rel-15 NR, indication of the COT structure in the time domain has been identified as being beneficial. However, SFI PDCCH monitoring with a long period does not work well, because the maximum COT length is limited. Therefore, more flexible monitoring occasion of SFI indication should be considered. In addition, an SFI for a given COT should be able to be signaled multiple times within the COT. Otherwise, if the SFI suffers from interferences from hidden nodes, whole COT may become unavailable. Given that Rel-15 SFI configuration is reused, different SFI entries have to be prepared for different SFI indication timing even if DL/UL configuration within the COT does not change. It causes the problem that the SFI entries cannot be fully utilized for providing flexibility of COT structures.

Proposal 3: 
· An SFI for a given COT should be able to be signaled multiple times within the COT.

In SI phase it was identified to be beneficial to have COT structure indication on top of SFI indication. The gNB does not know when it gets the channel again after finishing the current COT. Therefore, it does not make sense to indicate SFI of outside the current COT. 

Observation 2: 
· It does not make sense to indicate SFI of outside the current COT.

There are two benefits for UEs to be signaled with COT structures.
· Presence of CSI-RS which is valid for CSI measurement.
· UL durations where the UEs are allowed to perform a simple LBT for their UL transmissions.
For both cases, the DL/UL indication is sufficient, and it is unclear if the UE needs to be able to aware of when the gNB gets the channel and when the gNB’s COT ends. 

Proposal 4: 
· SFI indicates DL/UL/Flexible configuration of inside the COT in which the SFI is sent.

As discussed in Section 2.1 there are several options for BWP-based operation within a carrier with bandwidth larger than 20 MHz. Given that Option 3 is adopted (i.e. Multiple BWPs can be configured, single BWP activated, gNB transmits PDSCH on parts or whole of single BWP where CCA is successful at gNB), COT may need to be defined for each 20MHz bandwidth. The reason is that, even when a PDSCH is transmitted in one of LBT bandwidth, some other part within the same BWP may still be occupied by another node. Therefore, it is beneficial to support frequency domain occupancy indication for NR-U. An easiest way is to put SFI PDCCH in every LBT bandwidth, and each indicates all or a part of the COT structure in the respective LBT bandwidth. Another option is to put a single SFI PDCCH which indicates time and frequency domain occupancy in the BWP.

Proposal 5: 
· Frequency domain channel occupancy indication should be supported.


Conclusion
In this contribution we present our views on downlink structure and procedure for NR-U operation, and we make the following proposals and observations:

Observation 1: 
· At least for full slot based NR-U operation (e.g. in case of FBE based operation), Rel-15 PDCCH monitoring occasion configuration is sufficient, and the signal which facilitates power saving on PDCCH monitoring is not necessary.

Proposal 1: 
· For downlink initial partial slot design, it should be considered how long a gNB needs for PDCCH processing to update the DCI contents.

Proposal 2: 
· No need to introduce additional starting positions on top of what Rel-15 NR supports.
· It is beneficial to support more flexible PDSCH duration even if the scheduling PDCCH is not located within the first three OFDM symbols.

Proposal 3: 
· An SFI for a given COT should be able to be signaled multiple times within the COT.

Observation 2: 
· It does not make sense to indicate SFI of outside the current COT.

Proposal 4: 
· SFI indicates DL/UL/Flexible configuration of inside the COT in which the SFI is sent.

Proposal 5: 
· Frequency domain channel occupancy indication should be supported.
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