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1 Introduction
[bookmark: _GoBack]In RAN1#97, the following for downlink signals and channels design was agreed [1]:
Agreement:
· Additional durations from 2 to 13 (other than 2, 4 and 7 which are already supported in Rel-15) for PDSCH mapping type B are supported. 
· FFS: A duration of 14
· FFS: DMRS aspects for the additional durations (Reuse Rel-15 patterns or define new patterns for these additional durations)
· Capability signalling will be defined for UEs to indicate which specific subset of durations are supported by the UE.
· FFS: Some duration(s) are mandatory for the UE to support for initial access
· FFS: PDSCH processing times for the new durations (reuse the values for durations of 2/4/7 or define new ones) 
· Note: PDCCH monitoring occasions will be discussed separately as part of the NR-U WI
· Note: This agreement does not by itself imply an increased requirement in PDSCH processing and decoding capabilities compared to Rel-15

This contribution discusses the aspects of downlink signal and channel design for NR-U operation.
2 Additional durations for PDSCH mapping type B
DM-RS position for the new durations
In order to utilize unlicensed spectrum more efficiently, additional duration from 2 to 13 for PDSCH mapping type B are introduced. Since only 2/4/7 durations are supported in Rel-15, a DM-RS position for the new durations has to be defined. Unlike PDSCH, a duration of 1 to 14 has been supported for PUSCH mapping type B in Rel-15, which could facilitate multiplexing between a PUCCH and a PUSCH in a slot. Furthermore, a DM-RS position not only for single-symbol DM-RS but also for double-symbol DM-RS is well defined, the DM-RS positions for PUSCH mapping type B can be baseline DM-RS positions for the new durations of PDSCH mapping type B. Table 6.4.1.1.3.-3 shows an example of PUSCH DM-RS positions within a slot for single-symbol DM-RS case.

Table 6.4.1.1.3-3: PUSCH DM-RS positions  within a slot for single-symbol DM-RS and intra-slot frequency hopping disabled.
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Proposal 1: Reuse DM-RS position for PUSCH mapping type B for the new durations of PDSCH mapping type B as much as possible.
As in [2], a DM-RS position for PDSCH mapping type B of length 9 and 10 OFDM symbols has to be designed to avoid a collision between the DM-RS for those durations and symbol(s) containing LTE CRS. In Rel-15, a shifted DM-RS position for PDSCH mapping type A has been introduced to avoid such collisions in TS38.211 as follows:
For PDSCH mapping type A single-symbol DM-RS, 𝑙1=11 except if all of the following conditions are fulfilled in which case 𝑙1=12:
· the higher-layer parameter lte-CRS-ToMatchAround is configured and any PDSCH DM-RS symbol conincides with any symbol containing LTE cell-specific reference signals as indicated by the higher-layer parameter lte-CRS-ToMatchAround; and 
· the higher-layer parameters dmrs-AdditionalPosition is equal to 'pos1' and 𝑙0=3; and 
· the UE has indicated it is capable of additionalDMRS-DL-Alt
Therefore, similar approach can also be applied for PDSCH mapping type B of length 9 and 10. For example, if a PDSCH DM-RS symbol coincides with any symbol containing LTE CRS as indicated by higher layer, the DM-RS can be shifted by one symbol.
Proposal 2: If a DM-RS symbol for PDSCH mapping type B of length 9 and 10 coincides with any symbol containing LTE CRS as indicated by higher layer, the DM-RS can be shifted by one symbol.
PDSCH processing times for the new durations
As specified in TS38.214, the first uplink symbol of the PUCCH carrying HARQ-ACK information cannot start earlier than at symbol L1 after the end of the last symbol of the PDSCH. The L1 is defined as the next uplink symbol with its CP starting after  after the end of the last symbol of the PDSCH. d1,1 is determined according to the number of PDSCH symbols allocated as follow. 
· For the PDSCH mapping type A as given in subclause 7.4.1.1 of [4, TS 38.211]: if the last symbol of PDSCH is on the i-th symbol of the slot where i < 7, then d1,1 = 7 - i, otherwise d1,1 = 0
· For the PDSCH mapping type B and for UE processing capability 1,
- if the number of PDSCH symbols allocated is 7, then d1,1 = 0, 
- if the number of PDSCH symbols allocated is 4, then d1,1 = 3 
- if the number of PDSCH symbols allocated is 2, then d1,1 = 3+d, where d is the number of overlapping symbols of the scheduling PDCCH and the scheduled PDSCH. 
Therefore, additional PDSCH processing time for the new durations can be determined based on that for 2/4/7 symbol durations. For example, d1,1 can be 0 if the number of PDSCH symbols is > 7 while d1,1 can be 3 if the number of PDSCH symbol is 4, 5, or 6. 
Proposal 3: A processing time for the new durations is derived from that for duration of 2/4/7 symbol PDSCH, such as
- if the number of PDSCH symbols allocated is ≥ 7, then d1,1 = 0, 
- if the number of PDSCH symbols allocated is 4, 5, or 6, then d1,1 = 3 
- if the number of PDSCH symbols allocated is 2 or 3, then d1,1 = 3+d, where d is the number of overlapping symbols of the scheduling PDCCH and the scheduled PDSCH. 
3 COT indication
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. If existing 256 SFI states are not sufficient to indicate numbers of UL/DL configurations for unlicensed operation, the number of SFI bits per cell can be increased. Alternatively, COT duration value can be indicated by using a set of reserved SFI value or additional field in GC-PDCCH. This can reduce a number of required SFI combinations for NR-U operation to some extent. In Rel-15 SFI, a granularity of slot format is a slot. Therefore 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. Alternatively, it is possible that UE discards the symbols indicated by SFI are outside of COT.


Figure 1. Example of slot format 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. One solution is to reduce GC-PDCCH monitoring periodicity from slot to mini-slot/symbol level to indicate the slot format after accessing channel as soon as possible. Another solution is to indicate the slot format for the first slot of transmission burst in a later slot. In this case, a set of symbols that is outside of gNB’s COT also can be indicated as flexible. 
Proposal 4: At least following modifications on SFI can be considered to indicate COT structure
· Introduce COT duration field in GC-PDCCH
· Utilize a set of reserved SFI values and/or increase the number of SFI bits per cell for supporting more SFI combinations
· Behavior on flexible symbols inside and outside 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. 
Proposal 5: The indication of the COT structure can be transmitted more than once in a COT. 
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 6: At least an indication to allow NR-U configured grant sharing should be informed together with information of COT structure for NR-U operation.
4 Adaptation of PDCCH monitoring periodicity
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 X 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. More specifically, a UE can monitor the PDCCH at mini-slot granularity before gNB’s channel occupancy. If the PDCCH carrying information of gNB’s channel occupancy structure can be transmitted at the slot boundary, mini-slot level PDCCH monitoring can be applied at least the first slot of gNB’s channel occupancy. After the first slot, UE can switch PDCCH monitoring to slot-level granularity until the end of gNB’s channel occupancy, which can be triggered/indicated implicitly or explicitly.
Proposal 7: NR-U support adaptation of PDCCH monitoring periodicity
· Mini-slot granularity outside of gNB’s COT and at least the first slot of gNB’s COT while slot-level granularity inside of gNB’s COT
· Switching PDCCH monitoring can be indicated/triggered implicitly (e.g., based on detection of COT) and explicitly (e.g., common or UE specific DCI)
5 CSI measurement
CSI transmission
In LTE-LAA, CSI reference signals are not transmitted in a partial starting subframe, partial ending subframe, and empty subframe, as specified in TS36.211.
The UE shall assume that CSI reference signals are not transmitted
· in subframes where PDSCH/EPDCCH transmission starts in the second slot of a subframe for frame structure type 3,
· in subframes where PDSCH/EPDCCH transmission ends prior to the end of a subframe for frame structure type 3,
· in an empty subframe where there is no PDSCH or discovery signal transmission for frame structure type 3
This is mainly because that the UE may require additional processing time for CSI measurement if the UE assumes CSI-RS transmission in partial subframe (e.g., identify eNB’s transmission by CRS blind detection before CSI measurement). Therefore, similar approach can be applied for NR-U. For example, the NR-U UE can assume that CSI-RSs are not transmitted if at least one symbol (or CSI-RS symbol) in a slot (i.e., partial slot) is not occupied by gNB. In NR, it is specified that the UE can cancel
it is specified that the UE can cancel the CSI-RS reception in a set of symbols if the set of symbols that is configured to receive CSI-RS is indicated as uplink or flexible symbol by DCI format 2_0. Otherwise, the UE receives CSI-RS as configured by higher layer. Therefore, the NR-U UE may assume that CSI-RSs are transmitted in a partial slot if those CSI-RS are transmitted within a gNB’s transmission burst.
Proposal 8: Down select one of following options. 
The UE can assume that CSI-RSs are not transmitted, if 
· Option 1: at least one symbol in a slot is not occupied by gNB
· Option 2: at least one CSI-RS symbol is not occupied by gNB 

CSI measurement
In NR, the CSI reference resource for a serving cell is defined as follows:
· In the frequency domain, the CSI reference resource is defined by the group of downlink physical resource blocks corresponding to the band to which the derived CSI relates.
· In the time domain, the CSI reference resource for a CSI reporting in uplink slot n' is defined by a single downlink slot n-nCSI_ref,
· where  and  and  are the subcarrier spacing configurations for DL and UL, respectively. 
· where for periodic and semi-persistent CSI reporting
· if a single CSI-RS/SSB resource is configured for channel measurement nCSI_ref  is the smallest value greater than or equal to , such that it corresponds to a valid downlink slot, or
· if multiple CSI-RS/SSB resources are configured for channel measurement nCSI_ref  is the smallest value greater than or equal to , such that it corresponds to a valid downlink slot.
· …
where a slot in a serving cell is considered to be a valid downlink slot if following conditions are met
· It comprises at least one higher layer configured downlink or flexible symbol
· It does not fall within a configured measurement gap for that UE
Since LBT aspects are not considered in current definition of CSI reference resource and valid downlink slot, appropriate modifications on those definitions are also required. For example, similar to LTE-LAA, a slot in a serving cell is not considered to be a valid downlink slot if at least one OFDM symbol in the slot is not occupied and/or if the configured CSI-RS resource associated with the CSI reporting is not in the slot. Because the definition of valid downlink slot is related to the aspects for CSI-RS transmission in partial slot, it can be decided after UE’s assumption on CSI-RS reception in partial slot is defined.
Proposal 9: A definition of valid downlink slot has to be modified to accommodate LBT. Details can be further considered after aspects on CSI-RS transmission in partial slot is defined.
6 Conclusion
The proposals and observation made in this contribution are summarized below:
Proposal 1: Reuse DM-RS position for PUSCH mapping type B for the new durations of PDSCH mapping type B as much as possible.
Proposal 2: If a DM-RS symbol for PDSCH mapping type B of length 9 and 10 coincides with any symbol containing LTE CRS as indicated by higher layer, the DM-RS can be shifted by one symbol.
Proposal 3: A processing time for the new durations is derived from that for duration of 2/4/7 symbol PDSCH, such as
- if the number of PDSCH symbols allocated is ≥ 7, then d1,1 = 0, 
- if the number of PDSCH symbols allocated is 4, 5, or 6, then d1,1 = 3 
- if the number of PDSCH symbols allocated is 2 or 3, then d1,1 = 3+d, where d is the number of overlapping symbols of the scheduling PDCCH and the scheduled PDSCH. 
Proposal 4: At least following modifications on SFI can be considered to indicate COT structure
· Introduce COT duration field in GC-PDCCH
· Utilize a set of reserved SFI values and/or increase the number of SFI bits per cell for supporting more SFI combinations
· Behavior on flexible symbols inside and outside of gNB’s COT
Proposal 5: The indication of the COT structure can be transmitted more than once in a COT. 
Proposal 6: At least an indication to allow NR-U configured grant sharing should be informed together with information of COT structure for NR-U operation.
Proposal 7: NR-U support adaptation of PDCCH monitoring periodicity
· Mini-slot granularity outside of gNB’s COT and at least the first slot of gNB’s COT while slot-level granularity inside of gNB’s COT
· Switching PDCCH monitoring can be indicated/triggered implicitly (e.g., based on detection of COT) and explicitly (e.g., common or UE specific DCI)
Proposal 8: Down select one of following options. 
The UE can assume that CSI-RSs are not transmitted, if
· Option 1: at least one symbol in a slot is not occupied by gNB
· Option 2: at least one CSI-RS symbol is not occupied by gNB 
Proposal 9: A definition of valid downlink slot has to be modified to accommodate LBT. Details can be further considered after aspects on CSI-RS transmission in partial slot is defined.
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