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Background
[bookmark: _Hlk533669569]During NR-U study phase, the use of a signal of which detection facilitates power saving and/or transmission burst detection was actively discussed, and the following agreements were made in RAN1#AH1901 [1].
	Agreement:
· The UE may assume the presence of a signal, such as the DMRS in any [PDCCH or GC-PDCCH] transmission, to detect transmission bursts by the serving gNB, to enable power saving by not necessitating performing blind decodes to detect the transmission burst (Note: The power saving possibility by not necessitating blind decodes assumes performance relaxation for PDCCH decoding is not needed. Also, this does not mandate a two-step PDCCH decoding process for the UE with respect to DMRS detection).
· If a preamble transmitted at the start of a burst is agreed to be specified (this does not preclude usage of preambles by implementation), it may be used in addition to the DMRS of PDCCH/GC-PDCCH or any other signals in the gNB transmission to detect the start of transmission bursts by the serving gNB and potentially for power saving
· Note: Whether a preamble, if defined, can be used for power saving in all cases depends on the details of the design.
· Note: Other signals present in the transmission burst may also be used for the purpose of detection of the transmission burst
· FFS: Potential enhancements to DMRS design to address issues with detection probability
· The payload of a PDCCH and/or GC-PDCCH transmission can contain information regarding COT structure that may be used by the UE for power saving 




Furthermore, in RAN1#97 the following outcomes were made under wideband operation agenda item [2].
	Agreement:
When GC-PDCCH is configured, explicit indication via GC-PDCCH is supported as a mechanism to inform the UE that one or more carriers and/or LBT bandwidths are not available or available for DL reception, at least for slot(s) that are not at the beginning of DL transmission burst.
· FFS: Signalling details of the indication, including e.g., the time domain validity of the indication
· FFS: Whether and how to support the mechanism at the beginning of DL transmission burst
· FFS: Whether and how to handle the case when GC-PDCCH is not configured or not received by the UE



Regarding COT indication, the following was captured in TR38.889 [3].
	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.



Finally, in RAN1#98 it was agreed to support bit field corresponding to available LBT bandwidths in GC-PDCCH [4].
	Agreement:
Support bit field corresponding to available LBT bandwidths in GC-PDCCH (add a bitmap in the GC-PDCCH DCI)




[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 (i.e. cases where transmission bursts always start and end at slot boundaries from the UE perspective), Rel-15 PDCCH monitoring occasion configuration is sufficient.

[bookmark: _Hlk19284003]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. 
DL channel access may succeed in a middle of a slot while MCOT may be defined in a unit of slot. Hence, the duration covered by the MCOT may end in a middle of slot. Given that the COT consists of DL portion and UL portion in this order, the very ending part of the COT may be the UL symbols which locates in the initial part of the last slot. However, Rel-15 slot formats do not support such kinds of structures. Therefore, NR-U should support new slot formats where a slot starts with UL symbols and the remaining portion is filled by Flexible symbols.

Proposal 1: 
· NR-U should support new slot formats where a slot starts with a UL symbol but is not filled up with UL symbols.
· E.g. A slot starts with consecutive UL symbols and the remaining portion is filled by Flexible symbols
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Figure 1: MCOT limitation
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Figure 2: Rel-15 slot formats

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 2: 
· SFI for a given COT should be able to be signaled multiple times within the COT.

On the other hand, in Rel-15, once a given transmission/reception process is cancelled based on a dynamic SFI, that transmission/reception process would never be re-activated by another dynamic SFI later on. In order to keep fair complexity, dynamic SFI for NR-U should follow the Rel-15 principle that slot formats indicated by a given dynamic SFI signaling cannot be changed by a later dynamic SFI signaling.

Proposal 3: 
· [bookmark: _Hlk19288844]Follow the Rel-15 principle that slot formats indicated by a given dynamic SFI signaling cannot be changed by a later dynamic SFI signaling.

Discussion on necessity of notification of COT start
According to ETSI rule, MCOT is determined depending on channel access priority class and gap/pause conditions. For a given MCOT setting, there could be various COT structures with respect to DL/Flexible/UL configuration. Therefore, gNB needs to configure at least slot format combinations corresponding to all possible COT structures in terms of MCOT and DL/Flexible/UL setting. Like Rel-15 SFI, dynamic SFI indicates one of the RRC configured slot format combinations.
Here, given that SFI for a COT is signaled multiple times within the same COT, MCOT and DL/Flexible/UL setting are not sufficient, since remaining COT structures are different depending on the timing when SFI is signaled. More specifically, if COT structure except for the initial partial slot is assumed to be “DDDDSUU”, the remaining COT structure at the 1st “D” is “DDDDSUU”, but it becomes “DDSUU” or “SUU” at the 3rd “D” or “S”, respectively. 
In Option 1, COT start position is provided together with SFI which does not change across signaling timing within the COT, so that valid slot formats within the indicated slot format combination is identified. For example, “0”, “2”, and “4” are indicated as the COT start position at the 1st “D”, the 3rd “D”, and “S”, respectively.
In contrast, Option 2 fully follows Rel-15 SFI mechanism, which does not need to provide other information than SFI. However, SFI has to change depending on signaling timing within the COT, so that the SFI indicate remaining COT structure but not full COT structure. For example, “DDDDSUU”, “DDSUU” and “SUU” are indicated by SFI at the 1st “D”, the 3rd “D”, and “S”, respectively. 
Comparing Option 1 with Option 2, Option 1 requires additional overhead in the DCI format carrying SFI. Meanwhile, with Option 2, the gNB has to configure slot format combinations corresponding to all possible COT structures. In other words, RRC configured slot format combinations need to cover various signaling timings with a COT in addition to the variety caused by COT lengths and DL/Flexible/UL settings. 

[image: ]

Figure 3: SFI signaling with COT start indication
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Figure 4: Rel-15 slot formats based SFI signaling

Discussion on necessity of notification of COT end
Before discussing COT end indication deeply, it may be better to think about associated basic UE behaviors. Rel-15 UE behaviors related to slot format configuration and/or indication are shown in Table 1.
In Rel-15, the behaviors of UE configured with dynamic SFI monitoring but not detecting the dynamic SFI are defined separately from the behaviors of UE not configured with dynamic SFI monitoring. Whether or not to define an unified behavior for those cases in NR-U is one of the discussion points. Another point is semi-static or cell-specific Flexible. For the case of Flexible by tdd-UL-DL-configuration, the UE behavior should be different from the one in Rel-15, because semi-persistent or periodic DL transmission is not always possible due to LBT. More specifically, in Flexible by tdd-UL-DL-configuration the UE should not perform semi-persistent or periodic DL reception.

Proposal 4: 
· When dynamic SFI is not configured or dynamic SFI indicates 255, the UE should not perform semi-persistent or periodic DL reception on Flexible symbols configured by tdd-UL-DL-configuration.

Table 1: Rel-15 UE behaviors on DL/UL/Flexible symbols
	
	PDCCH monitoring
	[bookmark: _Hlk19820518]Semi-persistent or periodic DL reception
	Semi-persistent or periodic UL transmission
	[bookmark: _Hlk19820098]Dynamically scheduled DL reception
	Dynamically scheduled UL transmission

	DL by tdd-UL-DL-configuration
(irrespective of dynamic SFI)
	Performed.
	Performed.
	Not performed.
	Performed.
	Not expected.

	UL by tdd-UL-DL-configuration
(irrespective of dynamic SFI)
	Not performed.
	Not performed.
	Performed.
	Not expected.
	Performed.

	Flexible by tdd-UL-DL-configuration
(dynamic SFI is not configured or dynamic SFI indicates 255)
	Performed, unless overridden by dynamically scheduled UL transmission
	Performed, unless overridden by dynamically scheduled UL transmission
	Performed, unless cancelled by dynamically scheduled DL reception
	Performed.
	Performed.

	Flexible by tdd-UL-DL-configuration
(dynamic SFI is configured but not detected)
	Performed, unless overridden by dynamically scheduled UL transmission
	Not performed.
	Not performed.
	Performed.
	Performed.

	DL by dynamic SFI
	Performed.
	Performed.
	Not performed.
	Performed.
	Not expected.

	UL by dynamic SFI
	Not performed.
	Not performed.
	Performed.
	Not expected.
	Performed.

	Flexible by dynamic SFI
	Not performed.
	Not performed.
	Not performed.
	Performed.
	Performed.

	ssb-PositionsInBurst
	-
	-
	Not performed.
	-
	Not performed.

	Valid PRACH occasions and gaps
	Not receiving PDCCH for Type-1 CSS set.
	Not performed.
	-
	Not performed.
	-



Regarding COT end indication, there are several options that have been proposed in terms of notification of COT end or ‘Out of COT’ indication [5] [6].

· Option 1: Supporting a new bit field for indicating COT ending position.
· Option 2: Define new slot formats indicating a ‘COT end’ symbol or ‘Out of COT’ symbols.
· Option 3: No explicit indication of COT end position and filling Flexible symbols in out-of-COT portion.

Figures 3, 4 and 5 show Option 1, 2 and 3, respectively. From the UE behavior point of view, one of the unique characteristics of Option 1 is the possibility of Phase 5, as COT end indication and SFI are de-coupled. In contrast, a unique point of Option 3 is the absence of Phase 4.
[image: ]
Figure 3: Option 1
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Figure 4: Option 2
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Figure 5: Option 3

[bookmark: _Hlk19820459]With any option, UE behaviors in Phase 0 needs to be defined. To be safer, the UE should consider Phase 0 duration as out of the gNB’s COT. Regarding PDCCH monitoring, as many companies have been proposing, PDCCH monitoring with finer granularity should be performed in Phase 0. Once the gNB acquire a channel access for a PDCCH transmission by using Cat-4 LBT, the following PDSCH can also be transmitted. Hence, the dynamically scheduled DL reception should be performed, too. Even outside of the gNB’s COT, uplink transmission subject to Cat-4 LBT should be allowed. Therefore, both the semi-persistent or periodic UL transmission and the dynamically scheduled UL transmission should be done in Phase 0. On the other hand, the UE should not assume the presence of semi-persistent or periodic DL signals, as the Dl transmission is subject to LBT.

Proposal 5: 
· If dynamic SFI is configured but dynamic SFI for a given symbol(s) is not detected, UE behavior on the symbol(s) is as follows:
· The UE performs PDCCH monitoring with finer granularity if configured,
· The UE does not perform other semi-persistent or periodic DL reception,
· The UE performs semi-persistent or periodic UL transmission subject to LBT,
· The UE performs dynamically scheduled DL reception, and
· The UE performs dynamically scheduled UL transmission subject to LBT.

In Option 1, Phase 1, 2 and 3 can follow Rel-15 UE behaviors, i.e. “DL by dynamic SFI”, “UL by dynamic SFI”, and “Flexible by dynamic SFI” in Table 1, respectively. On the other hand, UE behaviors in Phases 4 and 5 should be determined. Although Phase 4 is explicitly indicated as outside of COT, the UE behavior should follow the one for out of COT and therefore the UE behavior in Phase 4 is the same as in Phase 0. Phase 5 is explicitly indicated as inside of COT but has not been indicated with any particular slot format. Slot format for Phase 5 should be able to be indicated by a later dynamic SFI. The UE behavior for Flexible by tdd-UL-DL-configuration (dynamic SFI is not configured or dynamic SFI indicates 255) can be reused in Phase 5.

In Option 2, Phase 1, 2 and 3 can follow Rel-15 UE behaviors. There is no difference between Option 1 Phase 4 and Option 2 Phase 4 in terms of UE’s knowledge, though signaling mechanisms are different between Options 1 and 2. Therefore, UE behavior in Phases 4 in Option 2 can be the same as for Phase 4 in Option 1. Compared with Option 1, Option 2 does not have Phase 5, as the UE cannot distinguish them. From the UE behavior point of view, the only difference between Phases 0 and 5 is PDCCH monitoring granularity, namely Phase 0 requires finer granularity while regular granularity is used in Phase 5. However, if a later dynamic SFI indicates slot formats for the remaining inside-COT duration, such finer PDCCH monitoring is not required. Eventually, there is no difference between Options 1 and 2 with respect to PDCCH monitoring power saving.

In Option 3, Phase 1, 2 and 3 can follow Rel-15 UE behaviors. There is no need to define behaviors for other states. The difference from Option 2 is semi-persistent or periodic DL reception and UL transmission are prohibited in the Flexible symbols indicated by dynamic SFI. However, the drawback is quite marginal, since such Flexible symbols appear only in the very last slot of the COT.

Table 2: Pros and cons of options
	
	Pros
	Cons

	Option 1
	· Less SF combinations are needed.
· Semi-static UL transmission is allowed in out-of-COT portion of the last slot.
	· A new UE behavior is necessary for Phases 4 and 5.
· Additional bit field needs to be defined.

	Option 2
	· Semi-static UL transmission is allowed in out-of-COT portion of the last slot.
	· A new UE behavior is necessary for Phase 4.
· More SF combinations needs to be configured.

	Option 3
	· No new UE behavior is necessary, except for Phase 0.
	· More SF combinations needs to be configured.



Based on the above analyses, Option 3 is the most preferred.

Proposal 6: 
· No explicit indication of COT end position is necessary and out-of-COT portion is filled with Flexible symbols.

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:
[bookmark: _GoBack]
Observation 1: 
· At least for full slot based NR-U operation (i.e. cases where transmission bursts always start and end at slot boundaries from the UE perspective), Rel-15 PDCCH monitoring occasion configuration is sufficient.

Proposal 1: 
· NR-U should support new slot formats where a slot starts with a UL symbol but is not filled up with UL symbols.
· E.g. A slot starts with consecutive UL symbols and the remaining portion is filled by Flexible symbols

Proposal 2: 
· SFI for a given COT should be able to be signaled multiple times within the COT.

Proposal 3: 
· Follow the Rel-15 principle that slot formats indicated by a given dynamic SFI signaling cannot be changed by a later dynamic SFI signaling.

Proposal 4: 
· When dynamic SFI is not configured or dynamic SFI indicates 255, the UE should not perform semi-persistent or periodic DL reception on Flexible symbols configured by tdd-UL-DL-configuration.

Proposal 5: 
· If dynamic SFI is configured but dynamic SFI for a given symbol(s) is not detected, UE behavior on the symbol(s) is as follows:
· The UE performs PDCCH monitoring with finer granularity if configured,
· The UE does not perform other semi-persistent or periodic DL reception,
· The UE performs semi-persistent or periodic UL transmission subject to LBT,
· The UE performs dynamically scheduled DL reception, and
· The UE performs dynamically scheduled UL transmission subject to LBT.

Proposal 6: 
· No explicit indication of COT end position is necessary and out-of-COT portion is filled with Flexible symbols.
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Format Symbol number in a slot

0 1 2 3 4 5 6 7 8 9 10 11 12 13

0 D D D D D D D D D D D D D D

1 U U U U U U U U U U U U U U

2 F F F F F F F F F F F F F F

3 D D D D D D D D D D D D D F

4 D D D D D D D D D D D D F F

5 D D D D D D D D D D D F F F

6 D D D D D D D D D D F F F F

7 D D D D D D D D D F F F F F

8 F F F F F F F F F F F F F U

9 F F F F F F F F F F F F U U

10 F U U U U U U U U U U U U U

11 F F U U U U U U U U U U U U

12 F F F U U U U U U U U U U U

13 F F F F U U U U U U U U U U

14 F F F F F U U U U U U U U U

15 F F F F F F U U U U U U U U

16 D F F F F F F F F F F F F F

17 D D F F F F F F F F F F F F

18 D D D F F F F F F F F F F F

19 D F F F F F F F F F F F F U

20 D D F F F F F F F F F F F U

21 D D D F F F F F F F F F F U

22 D F F F F F F F F F F F U U

23 D D F F F F F F F F F F U U

24 D D D F F F F F F F F F U U

25 D F F F F F F F F F F U U U

26 D D F F F F F F F F F U U U

27 D D D F F F F F F F F U U U

28 D D D D D D D D D D D D F U

29 D D D D D D D D D D D F F U

30 D D D D D D D D D D F F F U

31 D D D D D D D D D D D F U U

32 D D D D D D D D D D F F U U

33 D D D D D D D D D F F F U U

34 D F U U U U U U U U U U U U

35 D D F U U U U U U U U U U U

36 D D D F U U U U U U U U U U

37 D F F U U U U U U U U U U U

38 D D F F U U U U U U U U U U

39 D D D F F U U U U U U U U U

40 D F F F U U U U U U U U U U

41 D D F F F U U U U U U U U U

42 D D D F F F U U U U U U U U

43 D D D D D D D D D F F F F U

44 D D D D D D F F F F F F U U

45 D D D D D D F F U U U U U U

46 D D D D D F U D D D D D F U

47 D D F U U U U D D F U U U U

48 D F U U U U U D F U U U U U

49 D D D D F F U D D D D F F U

50 D D F F U U U D D F F U U U

51 D F F U U U U D F F U U U U

52 D F F F F F U D F F F F F U

53 D D F F F F U D D F F F F U

54 F F F F F F F D D D D D D D

55 D D F F F U U U D D D D D D

56 –254 

Reserved

255 UE determines the slot format for the slot based on TDD-UL-DL-ConfigurationCommon, or TDD-UL-DL-ConfigDedicatedand, if any, on detected DCI formats


