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Introduction 
During the study item [1] [2] and RAN1 AH 1901, RAN1 has reached to the following agreements regarding DL signals and channels.

	
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 


Agreement:
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
· FFS for signalling details, specification impact, implementation complexity
· Note: Above options are not mutually exclusive.





And we also have the following objectives of the work item related to DL signals and channels in the new NR-U WID [3].
	
-	Frame structure including single and multiple DL to UL and UL to DL switching points within a shared COT with associated identified LBT requirements (TR Section 7.2.1.3.1).
-	For DL data channel, support of multiple PDSCH starting positions.
[bookmark: _Hlk532422148]-	Mechanism to detect a gNB’s transmission burst in line with the TR 38.889, Section 7.2.1.2 related to UE power consumption.
-	DL control in line with the agreements during the study phase (TR 38.889, Section 7.2.1.2) including extensions allowing dynamic change of the time domain instances in which the UE is expected to receive PDCCH, modifications enabling DRS transmissions without gaps in the time-domain, and indication of time domain COT structure; 




Based on the agreements made so far, details on the following aspects are discussed in this contribution
· Downlink burst detection and COT indication
· PDCCH monitoring
· Partial slot supports
[bookmark: _Ref1049421]Downlink burst detection and COT indication
In last meeting, it was agreed that 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 for the UE power saving. For reliable detection of DL burst with PDCCH DMRS, it is desirable to utilize “wideband” DMRS, i.e., same precoding of PDCCH is assumed as all contiguous RBs or even all RBs over the CORESET. 

Proposal 1: For the detection of downlink burst by PDCCH DMRS, 
· Same precoding of PDCCH is assumed for contiguous RBs over the CORESET
· UE may assume DMRS exists over all PRBs inside the CORESET

In RAN1 #94bis, it was agreed that indication of the COT structure in the time domain has been identified as being beneficial by DCI 2_0. Current DCI format 2_0 in Rel-15 NR can indicate the detailed format for each slot inside a number of slots, where the number of slots is configured by RRC. 

The basic mechanism for DCI format 2_0 in Rel-15 is like the following:
· Multiple SlotFormatCombinations are configured with different SlotFormatCombinationId, 
· Each SlotFormatCombination comprises of one or multiple slots
· Each slot inside a SlotFormatCombination can have different slot format (taken from the master slot format table 11.1.1-1 of TS38.213)
· DCI 2_0 is transmitted with configured monitoring periodicity
· The size of DCI 2_0 payload and the position that a UE has to monitor are configured
· If a UE detects slot format indicator (SFI) in DCI format 2_0, it will assume the slot formats of the following slots, where the number of the slots are derived from the SFI.

Since Rel-15 DCI 2_0 indicates the slot formats of the multiple consecutive slots with full flexibility, it is simply reused for the indication of the COT structure as shown in Figure 1. The dynamic indication of the COT can be beneficial from the perspective of dynamic PDCCH monitoring as given in section 2  and COT sharing for UL transmissions. The length of the COT can be derived from the length of the SlotFormatCombination which is indicated by DCI 2_0.

For more flexible structure of the COT, we may define additional formats inside the Table 11.1.1-1 of 38.213. Detailed formats could be discussed further depending on the other discussions on NR-U signals/channels and procedures.

Current Rel-15 DCI 2_0 can only indicate the time domain COT structure. However, In RAN1 AH 1901, we have agreed that wideband option 3 is supported for downlink operation, i.e., gNB may transmit PDSCH on parts or whole of single active BWP where CCA is successful at gNB. In the case that gNB transmit PDSCH only on some of the LBT subbands inside the BWP, it is required to indicate the available subbands to the UE since the blind detection of available LBT subbands may not sufficiently reliable so that it can lead to many unnecessary operation for the error case. Furthermore, the UE blind detection itself will bring too much implementation burden. We can use the DCI 2_0 for indicating frequency domain COT structure as well as time domain COT. Since the current DCI 2_0 payload size is flexibly configured, there is no specification impacts to include of some additional information. 

Basically, DCI 2_0 indicates the slot format by indicating D/U/F for each symbol inside a slot, where “D” is downlink symbol, “U” is uplink symbol, and “F” is flexible symbol. In Rel-15, the flexible symbol, denoted as “F” can be used for multiple purposes, e.g., dynamic use of the symbol between D and U, switching gap, and even reservation of the resource for other services or forward compatibility. For NR-U, F symbols may be interpreted multiple ways. Straightforwardly, it can be simply interpreted as a switching gap inside a gNB-initiated COT. However depending on the length of contiguous F symbols, it can be interpreted that all F symbols, unless overridden as D or U, are not included in the gNB-COT and the duration is considered a paused gap. If the gap is less than 25usec, then F symbol is still inside the COT. The detailed interpretation and UE behaviour on “F” symbols need to be discussed further.
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[bookmark: _Ref534892943]Figure 1: Indication of COT structure via DCI 2_0 

Proposal 2: DCI format 2_0 in Rel-15 NR is used for the indication of the COT structure in the time domain
· Dynamic indication of length of the COT is supported by DCI 2_0
· We may define additional formats in Table 11.1.1-1 of 38.213 for COT structure indication
· COT structure in frequency domain is included in DCI 2_0
· Interpretation of “F” symbol indicated by DCI 2_0 should be discussed further.
[bookmark: _Ref534892994]PDCCH monitoring
Compared to NR Rel-15, it has been identified to be beneficial if the time domain instances in which the UE is expected to receive PDCCH can change dynamically, e.g. by implicit determination related to the gNB’s COT, or explicitly signalled by the gNB. This is because PDCCH monitoring can be based on non-slot based granularity so that it is desirable to reduce the monitoring occasions at least inside the gNB-acquired COT as given in Figure 2.

Since we have DCI 2_0 which indicates the COT structure as discussed in section 2, it would be the simple way that DCI 2_0 indicates the dynamic change of the PDCCH monitoring. PDCCH monitoring can be implicitly changed based on the detection of DCI 2_0 or DCI 2_0 can include some information of the PDCCH monitoring change as well. If it is implicitly changed, the monitoring periodicity inside a COT needs to be pre-configured.
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[bookmark: _Ref534895415]Figure 2: Dynamic change of PDCCH monitoring 


In Rel-15, DCI 2_0 can indicate the slot formats of upcoming slots. However, UE can also monitor the UE-specific DCI which can also indicate whether the scheduled symbols are DL or UL. Therefore, the UE has to monitor the UE-specific DCIs regardless of whether DCI 2_0 is configured or not. 

In NR-U, DCI 2_0 can provide more functions and more information compared to Rel-15. Therefore, the transmission of DCI 2_0 needs to be more reliable in order to provide COT structure indication, support dynamic PDCCH monitoring change, and etc. In section 2, wideband DMRS was proposed for reliable detection of downlink burst. This wideband DMRS is also beneficial for increasing reliability of the decoding of GC-PDCCH which includes DCI 2_0. Furthermore interleaved CCE-to-REG mapping is used for GC-PDCCH in order to have full frequency diversity gain, which is beneficial from the perspective that GC-PDCCH is commonly used by a group of UEs. 

One additional way to enhance the reliability of DCI 2_0 is to repeat the DCI 2_0 multiple times. Since the DCI 2_0 monitoring is based on mini-slot granularity, DCI 2_0 can be repeated multiple times inside a slot, while the payload information keeps the same inside the same slot. If the repetition is known to the UE, UE can perform the soft combining for enhancing the reliability of DCI 2_0 reception. DCI 2_0 is common channel for group of UEs, wideband DMRS can be beneficial for the reliability of DCI 2_0.

Assuming that the DCI 2_0 is sufficiently reliable, it is desirable for a UE to only monitor DCI 2_0 for detecting gNB acquired COT without monitoring UE specific DCI from UE power consumption perspective. Only when DCI 2_0 is detected and COT is clearly defined, then the UE can perform the PDCCH monitoring for UE-specific DCI using the larger monitoring periodicity inside the COT.

In addition, DCI 2_0 is configured by UE-specific RRC so DCI 2_0 cannot be used during initial access procedure for Rel-15 NR. Since it is desirable to use DCI 2_0 for all DL COT, we may need to study how to support DCI 2_0 (or equivalent function) for the initial access procedure. 

Proposal 3:
· PDCCH monitoring can be changed depending on the detection of DCI 2_0
· If implicitly changed, the PDCCH monitoring inside the COT needs to be pre-configured
· If explicitly changed, DCI 2_0 needs to have additional information on PDCCH monitoring periodicity
· It is recommended to enhance the reliability of DCI 2_0/GC-PDCCH
· Wideband DMRS is used
· Interleaved CCE-REG mapping is used
· Potential repetition of DCI 2_0 inside a same slot
· UE power consumption can be improved by monitoring UE-specific DCI only when COT is indicated by DCI 2_0
· How to support DCI 2_0 (or equivalent function) should be discussed further.
Partial-slot supports
In last RAN1 meeting, 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

During the LAA standardization phase, we have introduced partial subframe because of the lack of any partial-subframe supports before Rel-13 LTE. However, Rel-15 NR supports both type-A and type-B resource mapping for PDSCH and PUSCH, where type-A is for slot-based transmission and type-B is for non-slot based transmission. For type-B, we have lengths of 2, 4, 7 symbols for PDSCH and more flexible lengths for PUSCH. And also flexible starting positions are supported. This section provides specification impacts aspects of each option as given below:

· Option 1 (PDSCH(s) as in Rel-15 NR): This option does not support 1-symbol granularity in time however performance impact from the lack of 1-symbol granularity is not so significant. This option does not require any additional specification/implementation impacts.
· Option 2 (Punctured PDSCH depending on LBT outcome): This will provide even smaller granularity but it will have specification impacts including DMRS positions and PDSCH RE mapping.
· Option 3 (PDSCH mapping type B with durations other than 2/4/7 symbols): This will also provide 1-symbol granularity but it needs to specify the type B mapping with additional duration. However, there is no sufficient technical justification that we need to introduce different duration other than 2/4/7 for NR-U.
· Option 4 (PDSCH across slot boundary): This option will have big implementation impacts. Normally, the transmission/reception algorithm is performed slot by slot so if PDSCH is transmitted across slot boundary, the implementation impacts would be significant.

Option 1 is preferred from the perspectives of specification impacts and the marginal performance impacts. Other operations will introduce some specification impacts. Among remaining 3 options, option 3 and option 4 do not have full technical justifications compared to required specification and implementation impacts. We may discuss further whether we need to have option 2 on top of option 1 considering both complexity and performance aspects. 
Proposal 4: option 3 and option 4 is not supported for partial-slot supports in downlink
Conclusion
In this contribution, we discussed frame structure related issues and we derived the following proposals:
Proposal 1: For the detection of downlink burst by PDCCH DMRS, 
· Same precoding of PDCCH is assumed for contiguous RBs over the CORESET
UE may assume DMRS exists over all PRBs inside the CORESET
Proposal 2: DCI format 2_0 in Rel-15 NR is used for the indication of the COT structure in the time domain
· Dynamic indication of length of the COT is supported by DCI 2_0
· We may define additional formats in Table 11.1.1-1 of 38.213 for COT structure indication
· COT structure in frequency domain is included in DCI 2_0
· Interpretation of “F” symbol indicated by DCI 2_0 can be discussed further.
Proposal 3:
· PDCCH monitoring can be changed depending on the detection of DCI 2_0
· If implicitly changed, the PDCCH monitoring inside the COT needs to be pre-configured
· [bookmark: _GoBack]If explicitly changed, DCI 2_0 needs to have additional information on PDCCH monitoring periodicity
· It is recommended to enhance the reliability of DCI 2_0/GC-PDCCH
· Wideband DMRS is used
· Interleaved CCE-REG mapping is used
· Potential repetition of DCI 2_0 inside a same slot
· UE power consumption can be improved by monitoring UE-specific DCI only when COT is indicated by DCI 2_0
· How to support DCI 2_0 (or equivalent function) should be discussed further.
Proposal 4: option 3 and option 4 is not supported for partial-slot supports in downlink
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