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1 Introduction
A work item on NR-based access to unlicensed spectrum was agreed in RAN #82 meeting [1]. Design for downlink and channel is one of objectives of the work item. NR-U should specify the followings for downlink signal and channel design:
-	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; 
This contribution discusses the aspects of downlink signal and channel design for NR-U operation.
2 Flexible starting position of PDSCH
In RAN1 #94bis [2], 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 in SI phase.
· 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.
In Rel-15 NR, multiple starting and duration for PDSCH transmission are supported as defined in Table 5.1.2.1-1. For example, for PDSCH mapping type A up to 4 and 12 durations are supported, respectively. For PDSCH mapping type B, up to 13 candidate starting position and 3 durations are defined. It is noted that PDSCH mapping type, starting, and duration of PDSCH are indicated by a DCI. 
[bookmark: _Hlk508617520]Table 5.1.2.1-1: Valid S and L combinations
	PDSCH mapping type
	Normal cyclic prefix
	Extended cyclic prefix

	
	S
	L
	S+L
	S
	L
	S+L

	Type A
	{0,1,2,3}
	{3,…,14}
	{3,…,14}
	{0,1,2,3}
	{3,…,12}
	{3,…,12}

	Type B
	{0,…,12}
	{2,4,7}
	{2,…,14}
	{0,…,10}
	{2,4,6}
	{2,…,12}



Therefore, in our view, NR already supports flexible starting and durations, which is enough to enable PDSCH transmission to unlicensed spectrum after the channel is sensed to be idle. Therefore, introducing additional starting position and durations are not necessary for NR-U. For example, multiple PDSCHs (e.g., 7 PDSCHs with 2 symbol duration) can be used for a starting slot of gNB’s COT. After successful LBT, gNB can transmits PDCCH and PDSCH(s) from the nearest symbol where PDCCH candidates configured for a UE. The main drawback of this option (i.e., Option 1) is overhead due to preparation of multiple PDCCHs/PDSCHs at gNB and frequent PDCCH monitoring at UE side. At least overhead for frequent PDCCH monitoring, it can be alleviated by adapting PDCCH monitoring periodicity according to the acquisition of gNB’s COT, which is further discussed in Section 6. For instance, larger PDCCH monitoring periodicity within a gNB’s COT than that for outside the gNB’s COT can be used.
Observation 1: Rel-15 NR has already supported enough flexibility on the starting position and duration of transmission, and no further enhancement on the number of symbols for PDSCH in non-slot based transmission is needed for NR-U.
[bookmark: _GoBack]For option 2, gNB needs to prepare only one PDSCH for a UE regardless of LBT outcome. If the channel is sensed to be idle K symbols after the symbol #0 of a slot, the K symbols are punctured either from the start of slot or the end of slot. The data punctured due to LBT failure can be recovered by CBG-based retransmission. If K symbols are punctured from the start of the slot, PDCCH that schedules the PDSCH is likely punctured. If the K symbols is punctured from the end of slot, puncturing of PDCCH can be avoided. However, it may require additional process (e.g., DMRS, CSI-RS, resource allocation, etc), which may not be feasible to do so right after the channel is sensed to be idle. For both cases, if K is larger than the first DMRS symbol index, the DMRS for PDSCH would be punctured, which would require additional solution (e.g., placing DMRS in the first symbol of transmitted PDSCH).
Proposal 1: For PDSCH transmission in the partial slot at least for the first PDSCH(s) transmitted in the DL transmission burst, Option 1 is preferred.
3 Indication of COT structure
In RAN1 #94bis [2], 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. 
In LTE-LAA, subframe configuration in current and next subframe is indicated by a PDCCH with CRC scrambled by CC-RNTI. If a UE detects the PDCCH with CRC scrambled by CC-RNTI in subframe n-1 or subframe n of a LAA SCell, the UE may assume that the number of occupied OFDM symbols in subframe n according to the 'Subframe configuration for LAA' field in the detected DCI in subframe n-1 or subframe n. For eLAA, a UL offset (l) and UL duration (d) can also be indicated by the PDCCH with CRC scrambled by CC-RNTI, together with the subframe configuration for downlink. If the UE detects the PDCCH with CRC scrambled by CC-RNTI in subframe n, the UE is not required to receive any downlink physical channels and/or physical signals in subframe(s) indicated as uplink subframe, which may save UE power consumption to some extent by eliminating unnecessary PDCCH monitoring in uplink subframe(s). Furthermore, the UE may use channel access Type 2 for transmissions in subframes belonging to the indicated UL duration, irrespective of the channel access Type signalled in the UL grant for those subframes, if the end of UE transmission occurs in or before subframe in UL duration. Since subframe configuration and UL duration are indicated by the number of occupied OFDM symbols for downlink and the number of subframes for uplink, these can be indicated by a slot format value specified in Rel-15. 
Since a granularity of slot format is a slot, enhancements on the slot format can be considered for NR-U. For example, as shown in Figure 1, when a gNB occupies a channel from a middle of slot (e.g., from a symbol #8 in a slot n), the gNB’s COT can be ended in a middle of slot (e.g., symbol #7 of the slot n+4). Note that MCOT is assumed to be 4ms in this example. In this case, it is not clear which slot format can be used to indicate slot format of slot n+4. Because the gNB cannot predict channel access from symbol #7 in slot n+4, it is relevant that those symbols are indicated as flexible (e.g., UUUUUUUFFFFFFF), at least for the last slot of gNB’s COT. In addition, further study would be required how to indicate slot format for the first slot of gNB’s COT. For example, assuming that DCI format 2_0 is transmitted in every slot and when a gNB occupies a channel from a middle of slot as in Figure 1, a slot format for the slot n cannot be indicated. Adapting PDCCH monitoring periodicity (shorter PDCCH monitoring periodicity within a gNB’s COT) and/or slot format indication from a later slot (e.g., slot n+1) can be considered.
Proposal 2: A set of symbols that is outside of gNB’s COT should be indicated as flexible.


Figure 1. Example of slot format of gNB’s COT
Furthermore, in Rel-15 NR, a PDCCH monitoring periodicity for DCI format 2_0 can be smaller than a duration of a slot format combination the UE obtains at a PDCCH monitoring occasion for DCI format 2_0 so that the UE may detect more than one DCI formats 2_0 indicating a slot format for a slot, and each of the more than one DCI formats 2_0 should indicate a same slot format for the slot. If a set of symbols that is outside of gNB’s COT is indicated as flexible by DCI format 2_0, and if the gNB occupies the channel in the set of symbols, then one or more symbols in the set of symbols should be changed from flexible to downlink symbol, which is not supported in Rel-15 NR. Moreover, it is also beneficial that the indication of the COT structure can be transmitted more than once in a COT for a UE who may miss the indication transmitted at the beginning of the COT and/or wakes up from the DRX in the middle of the COT. In this case, the UE may detect more than one indication of the COT structures for the COT. Therefore, it may be beneficial for NR-U if the indication of the COT structure can be updated, which will provide more flexibility to gNB to update scheduling decision once after the channel is occupied. However, it may cause collision/conflict between gNB/UE transmissions if the updated indication is missed by UE. Therefore, further studies are required whether the indicated COT structure can be changed by another indication.
Proposal 3: The indication of the COT structure can be transmitted more than once in a COT. Further studies are required whether the indicated COT structure can be changed by another indication.
In Rel-15, autonomous UL (AUL) transmission has been introduced to increase uplink performance by eliminating control channel signalling for uplink transmission which requires additional LBT for transmission. In addition to subframe(s) configured for AUL transmission, AUL transmission can be performed in subframe(s) within the indicated UL duration. That is, AUL sharing field is included in the PDCCH with CRC scrambled by CC-RNTI to inform to AUL UE about availability of AUL transmission within the indicated UL duration. If NR-U also supports dynamic AUL sharing mechanism, some enhancements on DCI format 2-0 or defining new DCI format to indicate slot format would be expected. Therefore, further study would be required to clarify necessary information to be informed for NR-U operation. If additional information other than slot format information (e.g. NR-U configured grant sharing) is required, efficient signalling mechanism should also be further investigated. 
Proposal 4: At least a indication to allow NR-U configured grant sharing should be informed together with information of COT structure for NR-U operation.
4 Signal for Detection
In NR phase 1, a UE shall monitor a set of PDCCH candidates in one or more control resource sets (CORESET) according to corresponding search spaces, wherein the search spaces may appear periodically according to the configured periodicity by higher-layer signaling. For NR-U operation, the periodicity of PDCCH is likely to be broken, e.g., due to LBT failure. Furthermore, if the configured periodicity is relatively large, e.g., 20 slot, the DL/UL transmission opportunity would be dramatically reduced if gNB fails LBT for PDCCH search space slot. On the other hand, if the configured periodicity is small, e.g., 1 slot or less than a slot, more transmission opportunities are provided at the cost of more frequent PDCCH detection. In LTE, UE may skip PDCCH decoding if UE does not detect the CRS. In NR, CSI-RS for tracking or DMRS for PDCCH may not achieve the same robust detection performance as the CRS, thus UE may not skip PDCCH decoding in slots which gNB does not transmit. For example, wideband DMRS for a PDCCH can be considered to facilitate burst detection, which can provide similar detection performance as the CRS. 
Proposal 5: Utilizing existing RS (e.g. wideband DMRS) for power-efficient burst detection in NR-U.
In the last meeting, using Wi-Fi preamble as the indication of burst detection was discussed. However, Wi-Fi preamble is constructed by a single unified sequence, which may not be properly utilized for the indication of burst detection in a cell-specific or UE-specific transmission. Meanwhile, the information on COT (e.g. packet duration) is carried by a separate associated field to the Wi-Fi preamble, which cannot be decodable using currently supported channel decoder in NR, such that using Wi-Fi preamble as the indication of burst detection may not be beneficial for co-existence at all. Detailed discussion on the Wi-Fi preamble can be found in our companion contribution [4].
Proposal 6: Wi-Fi preamble shall not be considered as a candidate signal for burst detection in NR-U.
5 Adaptation of PDCCH monitoring periodicity
During the SI phase, 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. For supporting start of DL transmission immediately after gNB’s channel access, the time granularity for PDCCH monitoring periodicity should be finer (e.g., every symbol), which results in significant UE power consumption for PDCCH monitoring. Therefore, for the purpose of UE power saving while supporting flexible and fast DL transmission, adaptation of PDCCH monitoring periodicity according to the acquisition of COT would be desirable. For instance, larger PDCCH monitoring periodicity within a gNB’s COT than that for outside the gNB’s COT can be considered.
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Proposal 7: NR-U support adaptation of PDCCH monitoring periodicity (e.g., larger PDCCH monitoring periodicity within a gNB’s COT than that for outside the gNB’s COT)
6 Conclusion
The proposals and observation made in this contribution are summarized below:
Observation 1: Rel-15 NR has already supported enough flexibility on the starting position and duration of transmission, and no further enhancement on the number of symbols for PDSCH in non-slot based transmission is needed for NR-U.
Proposal 1: For PDSCH transmission in the partial slot at least for the first PDSCH(s) transmitted in the DL transmission burst, Option 1 is preferred.
Proposal 2: A set of symbols that is outside of gNB’s COT should be indicated as flexible.
Proposal 3: The indication of the COT structure can be transmitted more than once in a COT. Further studies are required whether the indicated COT structure can be changed by another indication.
Proposal 4: At least a indication to allow NR-U configured grant sharing should be informed together with information of COT structure for NR-U operation.
Proposal 5: Utilizing existing RS (e.g. wideband DMRS) for power-efficient burst detection in NR-U.
Proposal 6: Wi-Fi preamble shall not be considered as a candidate signal for burst detection in NR-U.
Proposal 7: NR-U support adaptation of PDCCH monitoring periodicity (e.g., larger PDCCH monitoring periodicity within a gNB’s COT than that for outside the gNB’s COT)
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