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Introduction
During RAN plenary #82, the release 16 work item on unlicensed band operation were approved in [1]. Before that a NR Study Item has been concluded in RAN1 [2].
In RAN plenary #84, down-scoping of features has been agreed in [3]. The relevant scope agreed for this sub-agenda is the following:
7.2.2.1.2 DL signals and channels
Essential
· Channel occupancy time and frequency domain structure indication for LBE
· UE COT detection for FBE
· gNB control for the Cat 4 UL transmission (including CG) switching to cat 2 when fall in gNB COT
· Behavior when P/SP-CSI-RS fail to transmit due to LBT
Optimizations
· CSI-RS enhancement outside of DRS
· More opportunities for CSI-RS to compensate the possible LBT failure
· A-TRS directly QCL with SSB

Topics for which enough agreements exist or which were highlighted by RAN include:
· 2/3-phase monitoring and WB-DMRS
· Flexible TYBE B PDSCH allocation length in time domain NR-U design (including DSS)
· FBE COT detection 
· MIMO aspects: CSI and CSI-RS 
On PDCCH monitoring and initial signal reception and design
In Taipei AdHoc, an agreement on power saving in NR-U states the following:

	· 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



Despite the agreement we made, there seems to be no consensus on defining WB DMRS which would enable their reliable detection. In NR, a gNB would configure CORESET0, which has precoding cycling by default and a “smart” gNB would configure also one dedicated CORESET which would be configured with precoder cycling to strive for the best performance. Therefore, a NR UE may rely on PDCCH DMRS being available within the PDCCH candidate only.     

Observation 1: Assuming mandatory features of NR R15, for detection of PDCCH DMRS, NR UE assumption is that PDCCH DMRS are available within the PDCCH candidate only.

Based on such assumption, a UE must perform PDCCH detection to pass the performance tests. Therefore, reduction of monitoring to very few PDCCH candidates outside the COT is essential for power saving outside the COT. 

Observation 2: To meet PDCCH performance tests, UE has to perform PDCCH blind detection to detect gNB COT. Reduction of number of PDCCH monitoring candidates outside the COT is essential for NR-U UE power consumption.     

Proposal 1: Outside the COT, NR-U UE monitors only a single search-space-set with one or two candidates per LBT sub-band 

When it comes to [PDCCH or GC-PDCCH]. We think that UE should be able to receive signals in a COT also without GC-PDCCH to be configured.

Proposal 2: UE should be able to receive DL channels/signals and transmit UL channels/signals in the gNB acquired COT also in an absence of GC-PDCCH. 

In RAN1#98, the following proposal has been discussed
· Support a mechanism for the UE to change its PDCCH (incl. GC-PDCCH) monitoring behavior based on one or more of the following, to be further discussed:
· Indication, such as by a DCI content or DCI CRC pass
· Relation to the detection of a DL burst
· Timer after DCI detection
· Configuration

On Indication

Few companies have suggested to drop PDCCH monitoring by indicating flexible symbol by SFI in GC-PDCCH on top of a configured CORESET. While such a behavior is already specified in R15, it is highly sub-optimal for operation of a NR-U UE and cannot provide the intended power saving behavior. This is due to the following reasons:
· Flexible symbol overlapping with a CORESET drop all the PDCCH candidates of the CORESET.
· In the slots, where gNB cannot access channel, it cannot indicate flexible symbols on top of configured CORESET(s) -> in such cases the UE wastes the power by monitoring all candidates.
· GC-PDCCH monitoring may not be even configured to the NR-U UE

Observation 3: Indication of flexible symbol by SFI on top of a configured CORESET to drop PDCCH monitoring is supported in R15, however cannot facilitate power-saving for a NR-U UE.

On Relation to the detection of a DL burst, Timer and Configuration 

Contrary, relation to the detected DL burst is simple but yet effective tool to facilitate power saving. Outside the COT and in the first slot of the detected COT, a UE monitors one or two candidates (per sub-band) in the initial search-space-set. Afterwards, when UE detects a DCI in a pre-COT phase it follows monitoring of initial search-space set until slot boundary (Partial slot phase). After the slot boundary, the UE monitors only non-initial search-space-set(s). Initial search-space-set could be also part of non-initial-search-space-set(s), as per gNB configuration.

After COT is over, a UE may fall back from monitoring of non-initial search-space set(s) to monitoring of initial search-space set only. This can happen either based on receiving COT-end indication in GC-PDCCH or for example by means of inactivity timer or based on ending UL transmission. 

Proposal 3: Support a mechanism for the UE to change its PDCCH (incl. GC-PDCCH) monitoring behavior based on one or more of the following, to be further discussed:
· Relation to the detection of a DL burst
· Timer after DCI detection
· Configuration

In more detail, the mechanism could operate according to the Figure 1. Three phases of monitoring can be identified defining the PDCCH monitoring time-domain instances: (i) Pre-COT phase (ii) Partial-slot phase (iii) Full-slot phase. Figure 1 illustrates initial search-space set monitoring occasions and a non-initial search-space set monitoring occasion. The initial search-space set monitoring occasions could be a UE capability with up to two unicast DL assignments in partial slot per monitoring occasion. From upcoming slot boundary, a UE monitors only non-initial search-space set.


Figure 1 PDCCH monitoring in DL Tx burst (COT)

Proposal 4: Support a mechanism for the UE to change its PDCCH (incl. GC-PDCCH) monitoring behaviour 
· In Pre-COT phase/Partial slot phase, when UE detects a DCI in an initial search-space-set it assumes it detected a DL burst
· The DCI can be GC-PDCCH or unicast DCI, i.e. up to gNB configuration
· UE continues monitoring initial search-space set(s) until next slot boundary
· UE monitors non-initial search-space set(s) from the next slot boundary 
· In Full slot phase of COT, UE determines COT ending (and moves to Pre-COT phase):
·  based on received GC-PDCCH indicating COT-end or
·  in the absence of GC-PDCCH: 
·  based on expiration of UE’s “inactivity timer” or
·  based on ending of UL transmission   
   
Partial slot design for DL 
In RAN1#98 a progress has been achieved in the partial slot design: 
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

Support of 14-symbol TYPE-B PDSCH duration
Support of 14-symbol duration for TYPE-B PDSCH does not bring any benefit to operation of NR-U. However, for completeness of specification and if no significant standardization effort is required it could be supported.
Proposal 5: Support 14-symbol duration for TYPE-B PDSCH, if no significant standardization effort is required
DMRS locations
The DMRS locations for TYPE-B PDSCH can be obtained from the existing TYPE-B PUSCH locations shown below in Table 6.4.1.1.3-3 of TS 38.211 
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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In RAN1#98 DMRS positions for DSS has been defined for Length 9 and 10, while Rel-15 already had the DMRS positions for Type B lengths of 2, 4 and 7 symbols for dmrs-AdditionalPosition 0 and 1 in place.  
Table 7.4.1.1.2-3: PDSCH DM-RS positions  for single-symbol DM-RS.
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Proposal 6: For NR-U adopt the PDSCH Type B DMRS locations based on PUSCH Type B locations except for L=8 and L=9 which has been agree for dynamic spectrum sharing already in RAN1#98. 
Processing times
38.214 defines the processing time relative to the end of the PDSCH allocation, and the basic definition is agnostic to the PDSCH allocation duration:
	[bookmark: _Hlk500865557][bookmark: _Hlk508187268]If the first uplink symbol of the PUCCH which carries the HARQ-ACK information, as defined by the assigned HARQ-ACK timing K1 and the PUCCH resource to be used and including the effect of the timing advance, starts no earlier than at symbol L1, where L1 is defined as the next uplink symbol with its CP starting after  after the end of the last symbol of the PDSCH carrying the TB being acknowledged, then the UE shall provide a valid HARQ-ACK message. 



However, the additional component d1,1 is a function of the allocation duration and only defined for allocations of 2, 4 and 7 symbols
The Release 15 definition for the UE processing time has a fairly straight forward logic: with 7 symbols (and more) there is no additional relaxation to the UE processing time, while with shorter allocations the PDSCH processing time is padded so that an allocation of 7-N symbols gets a processing time relaxation of N symbols (processing capability #1) and the number of PDSCH symbols overlapping the PDCCH are accounted for. The logical extension to the Rel-15 specification would thus be:
	-	For UE processing capability 1: If the PDSCH is mapping type B as given in subclause 7.4.1.1 of [4, TS 38.211], and
-	if the number of PDSCH symbols allocated is 7 or more, then d1,1 = 0,
-	if the number of PDSCH symbols allocated is 6, then d1,1 = 1
-	if the number of PDSCH symbols allocated is 5, then d1,1 = 2
-	if the number of PDSCH symbols allocated is 4, 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.
-	For UE processing capability 2: If the PDSCH is mapping type B as given in subclause 7.4.1.1 of [4, TS 38.211], 
-	if the number of PDSCH symbols allocated is 7 or more, then d1,1 = 0,
-	if the number of PDSCH symbols allocated is 3, 4, 5 or 6, then d1,1 is the number of overlapping symbols of the scheduling PDCCH and the scheduled PDSCH,
-	if the number of PDSCH symbols allocated is 2,
-	if the scheduling PDCCH was in a 3-symbol CORESET and the CORESET and the PDSCH had the same starting symbol, then d1,1 = 3,
-	otherwise d1,1 is the number of overlapping symbols of the scheduling PDCCH and the scheduled PDSCH.



Proposal 7: Extend the TS38.214 definition for the Type B PDSCH allocation processing times for the new PDSCH allocation durations as outlined above.
DMRS colliding with the CORESET
Release 15 defines a behavior that postpones the DMRS if it was to collide with the PDSCH Type B allocation, but this definition is hard-coded for 2, 4 and 7 symbol PDSCH durations in TS38.211 and needs to be extended.
	For PDSCH mapping type B

-	if the PDSCH duration  is 2, 4, or 7 OFDM symbols for normal cyclic prefix or 2, 4, 6 OFDM symbols for extended cyclic prefix, and the front-loaded DM-RS of the PDSCH allocation collides with resources reserved for a search space set associated with a CORESET,  shall be incremented such that the first DM-RS symbol occurs immediately after the CORESET and until no collision with any CORESET occurs, and
-	if the PDSCH duration  is 2 symbols, the UE is not expected to receive a DM-RS symbol beyond the second symbol,
-	if the PDSCH duration  is 3 symbols, the UE is not expected to receive a DM-RS symbol beyond the third symbol,
-	if the PDSCH duration  is 4 symbols, the UE is not expected to receive a DM-RS symbol beyond the third symbol,
-	if the PDSCH duration  is 5 symbols, the UE is not expected to receive the front-loaded DM-RS beyond the fourth symbol,
-	if the PDSCH duration  is 6 or 7 symbols for normal cyclic prefix or 6 symbols for extended cyclic prefix,
-	the UE is not expected to receive the front-loaded DM-RS beyond the fourth symbol, and
-	if one additional single-symbol DM-RS is configured, the UE only expects the additional DM-RS to be transmitted on the 5th or 6th symbol when the front-loaded DM-RS symbol is in the 1st or 2nd symbol, respectively, of the PDSCH duration, otherwise the UE should expect that the additional DM-RS is not transmitted.
-	if the PDSCH duration  is more than 7 symbols, the UE is not expected to receive the front-loaded DM-RS beyond the fourth symbol.
-	if the PDSCH duration  is 2 ,3 or 4 OFDM symbols, only single-symbol DM-RS is supported.



Proposal 8: Extend the TS38.211 definition for the Type B PDSCH collision with the DMRS to account for the new PDSCH type B allocation durations.

On mandatory support of new TYPE B PDSCH length
Type B mapping represents an efficient way to reduce the time between the possible consecutive transmission starting positions. On one hand, 2OS TYPE-B mapping enables flexible COT start. On the other hand, more frequent transmission starting positions increase DL control channel blind decoding burden on the UE side and a reasonable trade-off between the DL control channel decoding burden/capability and frequency of transmission starting positions is needed. 
In our contribution [5] in RAN1#96b we analysed the gNB choices and observed the following:
Observation 4: FG3-1 and FG 3-5b (7,3) can be handled easily using Option 1 (R15 NR), it is unclear how to handle FG 3-5b (4,3) and FG 3-5b (2,2).
Observation 5: For a UE with capability FG 3-5b (4,3), Option 3 (flexible Type allocations) + Option 1 compared to solely Option 1 has ~15% better efficiency in partial slot on average.  
Observation 6: For UE with capability FG 3-5b (2,2), Option 3+Option 1 compared to solely Option 1 has better efficiency.  
Observation 7: Independently of capability, if RAN1 supports Option 1+ Option 3, the UE’s PDCCH blind decoding effort in Partial slot phase can be kept the same (max 2 PDCCH monitoring occasions). This resulting into power efficient NR-U design. 
In our analysis, we identified that if first TTI after LBT is 4OS, the additional preferred slot complement would be in Type B mapping allocation of [L=5 or L=6], [L=9 or L=10] slots. Therefore, from partial slot design point of view and for unicast PDSCH scheduling, two additional length of TYPE-B allocation would be sufficient for unicast PDSCH. 
Proposal 9: Discuss mandatory TYPE-B PDSCH durations together with mandatory capabilities on PDCCH monitoring 
· For NR-U and TYPE B unicast PDSCH mapping, UE supports [L=5 or L=6] and [L=9 or L=10] if supports monitoring capability FG 3-5b (4,3).
COT structure indication 
1 
2 
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4 
1 
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COT structure indication in time domain for LBE
In RAN1#94b, it was agreed
	Agreement:
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.



One of the open questions related to GC-PDCCH design is how to indicate COT end:
· Based on R15 SFI mechanism 
· Explicitly using an information element in the GC-PDCCH.
It has been claimed that R15 solution allows configuration of all possible slot format combinations with all possible DL/UL spilts. Generally speaking, gNB needs to be prepared to transmit GC-PDCCH in every slot of the COT. Each indicator will be one slot format removed version of the previous indicator. Figure 2 shows an example of such approach for 10 ms COT (this corresponds to 20 slots with 30 kHz subcarrier spacing). For simplicity, it contains only two slot formats, DL only (yellow), and UL only (green). 
[image: ]
Figure 2 Example based on Rel-15 approach



 
The number of combinations (M) for COT indication for DL/UL patterns with maximum length of N slots can be determined as
.
The example shown in Figure 2 (SCS = 30 kHz, N=20) results in 230 different patterns (M=230). In addition to a huge RRC configuration overhead, as well as excessive complexity related to the dynamic operation, the available signaling space (512 patterns) may limit the configuration flexibility e.g. in the following scenarios:
· COT duration > 10 ms
· Multiple switching points
· Subcarrier spacing of 60 kHz (FR1)
· FR2 scenarios (subcarrier spacing 60 kHz)
Furthermore, there can be a need to have multiple slot formats available for certain slots, e.g. switching slot and/or ending slot. This will further increase the number of patterns needed. Finally, it is noted that the GC-PDCCH should support also forward compatibility (e.g. operation at 60 GHz unlicensed band). Based on that it can be noted that R15 approach is not capable of indicating the SFI in various NR-U scenarios. 
Observation 8: R15 design of SFI is not capable of indicating the SFI in various NR-U scenarios
Based on that, it is necessary to support explicit indication for COT ending. We think that slot resolution would be enough for such signaling. 
Proposal 10:  GC-PDCCH supports explicit indication for the COT end. This is done with the resolution of one slot.
On top of COT-end indication, further enhancements could further ease the burden of configuration complexity, as shown in Figure 3. The GC-PDCCH could indicate also SFI-start. While such indication provides more bits, it reduces the overhead of SFI otherwise. For example, for the above case of 20 slots, 5 bits would enable fully flexible indication of SFI-start, 3bits would be sufficient to adjust COT-end (shortening), and 1 slot combination would need to be configured to achieve the same as in Figure 3, i.e. no additional dynamic overhead required, and configuration overhead is significantly reduced.
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Figure 3 Enhancements to SFI signaling
Proposal 11:  GC-PDCCH supports explicit indication for the SFI-start. This is done with the resolution of one slot.
The above content should be the base content of GC-PDCCH. An additional content may be added later to the GC-PDCCH. 
Proposal 12: It should be left for corresponding features to decide whether the following content is supported by the GC-PDCCH
· Occupied bandwidth (Should be discussed in Wideband operations)
· COT Sharing indicating, i.e. gNB scheduling PUSCH with Cat 4 UL transmission (including CG) and UE switching to CAT 2 when the PUSCH falls in gNB COT (Should be discussed in Channel Access and Configured Grant)
[bookmark: _Hlk20398688]
Indication of sub-band combination on which the gNB is transmitting 
In the previous meeting RAN1 agreed
	Agreement:
Support bit field corresponding to available LBT bandwidths in GC-PDCCH (add a bitmap in the GC-PDCCH DCI)



In the online discussion, it was discussed also whether the bits of a bitmap should directly correspond to sub-bands, or to a set of sub-band combinations. There are 3 WB operation modes defined in 3GPP 
Mode 1: BS/UE transmits if LBT is successful at BS/UE in all LBT sub-bands within in the single wideband carrier.
Mode 2: BS/UE transmits only in the block of contiguous LBT sub-bands if one or more of the LBT sub-bands within in the single wideband carrier fails LBT.
Mode 3: BS/UE transmits in all of the successful LBT sub-bands even if one or more of the LBT sub-bands within in the single wideband carrier fails LBT.
When considering compression for Mode 2 compared to Mode 3, it seems that by operating Mode 2 only, no bit saving is possible. However, in some circumstances a gNB could decide to operate at most 1 sub-band per UE on a BWP comprising 3 sub-bands, this to provide equal access possibilities for UEs. In this case, only 2bits are required instead of 3bits. RAN1 should support configuration of sub-band combinations to minimize the dynamic overhead. 
Proposal 13: When GC-PDCCH is configured, a bit field in GC-PDCCH indicates one sub-band combination from preconfigured subset of sub-band combinations in a BWP that is available for DL reception
· One signaling state (e.g. state with index 0) is reserved to indicate that GC-PDCCH does not indicate sub-band combination for DL reception. 
· In CA case, bit field is associated to a cell index
[bookmark: _Hlk15567042]
When GC-PDCCH is not configured, a non-fallback unicast DCI format of NR-U contains a DCI field indicating sub-band combination used by the gNB. 
Proposal 14: When GC-PDCCH is not configured, DCI format 1_1 contains bit field that indicates one sub-band combination from preconfigured subset of sub-band combinations in a BWP that is available for DL reception
· One signaling state is reserved to indicate that GC-PDCCH does not indicate sub-band combination for DL reception. 

Validity of sub-band combination
When GC-PDCCH is configured to a UE, it may inform the UE about the COT end. However, GC-PDCCH is not configured to a UE, the UE does not know the end of DL burst and needs to rely on the indication of dynamic UL signals to determine end of DL portion. In PUSCH Alt.1, prioritized by RAN, sub-band combination does not change. In Alt.1, UE does not transmit on a scheduled one or more sub-bands, if CAT2 LBT does not pass on all scheduled sub-band. In addition, during UL burst UE does not monitor PDCCH. Therefore, UE behavior on DCI monitoring could be defined by the following proposal:
Proposal 15:  UE switches back to PDCCH/initial signal monitoring in all sub-bands 
· after a UE transmits in UL (PUCCH and/or PUSCH)
· after the indicated end of COT
The proposed behavior in Proposals 1-3 can be illustrated in Figure 4, where UE1 is configured with GC-PDCCH and UE2 is not configured with GC-PDCCH. As it can be seen, based on above proposals the monitoring behaviors would be a little bit different for two UEs. While monitoring behavior for UE1 depends only on GC-PDCCH, the UE2 behavior depends on gNBs dynamic scheduling. Figure 4 does not show a partial slot. If GC-PDCCH is allowed only in the full slot (i.e. only in first 3 symbols of a slot), then indication could be valid already in the first full slot of the COT (i.e. as in R15 NR). Alternatively, if R15 restrictions of GC-PDCCH monitoring are relaxed, validity may be only in the following slot, as it was in LAA.  
Proposal 16: RAN1 should select between the following two behaviors for GC-PDCCH
· Alt.1: GC-PDCCH monitoring is limited to first 3 symbols and GC-PDCCH content is valid starting from the same slot where GC-PDCCH is received.
· Alt.2: GC-PDCCH monitoring may be in any symbol of a slot and GC-PDCCH content is valid from the slot after the slot where GC-PDCCH has been received.
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Figure 4 validity of indicated sub-band combination information
COT indication and PDCCH monitoring in FBE
“UE COT detection for FBE” is an essential feature as guided by RAN#84. We think that COT indication/detection can be achieved based on R15 PDCCH monitoring, with or without GC-PDCCH and with minor specification impact. For example, for FBE operation NR-U could introduce configuration of “dependent search-space” which monitoring (by a UE) depends on detecting a PDCCH/WB-DMRS on a monitoring occasion of a independent search-space. This to reduce power consumption at the UE. Figure 5 shows an example of SS#2 and SS#3 dependent on SS#1. There are two gNB FFPs (Fixed frame period) shown. In the first FFP, UE monitors independent SS set #1, UE does not detect PDCCH/WB-DMRS in SS set #1, it does not monitor in dependent SS set #2 and #3. In the second FFP, UE misses the PDCCH/WB-DMRS of channel in FFP, but finds it in the second monitoring occasion of SS set #1. UE starts monitoring SS set#2 and #3 from the next monitoring occasion until end of the FFP.
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Figure 5 Example of UE monitoring behavior
Proposal 17: For UE configured with FFP, introduce configuration parameter indicating search-space set X is dependent on search space set Y
· UE configured with search space set X and Y, does not monitor search space set Y in FFP unless it detects at least one PDCCH in search space set X

An open issue related to FBE operation is how to support UE operation as a responding device according to ETSI BRAN regulation. This is not a problem for RRC connected UEs but it requires more attention for initial access UEs performing PRACH transmission. Based on ETSI rules, when operating as a responding device, before transmission A Responding Device (=UE) must have received a transmission grant from an associated Initiating Device.
In order to support PRACH transmission with FBE rules, there has to be means for idle UE to determine whether the gNB acquired COT is available for UE transmission or not. 
Proposal 18: Provide means for Idle UEs transmitting PRACH to determine whether the gNB acquired COT is available for UE transmission or not.
· Details are FFS
SP/P-CSI-RS dropping due channel access failure
Plenary guidance states that “Behavior when P/SP-CSI-RS fail to transmit due to LBT” should be defined. While discussion on this aspect has not yet taken place in RAN1, it would be good to first discuss whether periodic and semi-persistent CSI reporting makes any sense for NR-U stand-alone deployment. For non-stand-alone NR-U, UE can always feedback CSI over licensed carrier. We think that it would be sufficient to support only aperiodic CSI reporting on the unlicensed carrier.  
Proposal 19: Support only aperiodic CSI reporting on the unlicensed carrier.
CSI-RS/SSB based measurements
In NR, aperiodic CSI reports can be based on all types of NZP CSI-RS, i.e. periodic, aperiodic and semi persistent. And the CSI framework is very similar to that of LTE. In NR, averaging performed by a UE is toggled by the gNB through higher layer parameter timeRestrictionForChannelMeasurements. If configured, UE reports a single shot measurement, otherwise UE averages. The excerpt from specification is below, and similar is defined for interference measurements 
· [bookmark: _Hlk494809136]If a UE is not configured with higher layer parameter timeRestrictionForChannelMeasurements, the UE shall derive the channel measurements for computing CSI value reported in uplink slot n based on only the NZP CSI-RS, no later than the CSI reference resource, (defined in TS 38.211[4]) associated with the CSI resource setting. 
· [bookmark: _Hlk512507617]If a UE is configured with higher layer parameter timeRestrictionForChannelMeasurements in CSI-ReportConfig, the UE shall derive the channel measurements for computing CSI reported in uplink slot n based on only the most recent, no later than the CSI reference resource, occasion of NZP CSI-RS (defined in [4, TS 38.211]) associated with the CSI resource setting. 
The unlicensed deltas to CSI measurement framework of NR may be adopted from LAA, and formulated as follows:  
· For CSI report in slot n, UE’s CSI channel measurement is restricted within the transmission burst to which the CSI reference resource belongs
· A slot in a serving cell shall be considered to be a valid downlink slot if:
· it comprises at least one higher layer configured downlink or flexible symbol, and
· it does not fall within a configured measurement gap for that UE, and
· it is part of a transmission burst
· NOTE: Initial partial slot is not a valid slot 

The impact of “gNB transmission burst” on UEs CSI measurements is there due to the fact that the transmission power may vary between different transmission bursts, and therefore a UE has to follow assumptions:
· UE may assume that CSI-RS transmission has a constant power in each slot within a DL transmission burst, and the UE shall not assume that the CSI-RS transmission power is the same across transmission bursts
· UE should not average CSI-RS measurements across transmission bursts
· Interference measurement for CSI is not allowed outside of the serving cell transmission periods
Based on above discussion, we have the following proposal:
Proposal 20: NR-U CSI measurement framework builds on top of NR R15, with the following unlicensed changes:
· For CSI report in slot n, UE’s CSI channel measurement is restricted within the transmission burst to which the CSI reference resource belongs
· Slot in a serving cell shall be considered to be a valid downlink slot if it is in addition to existing conditions as well part of a transmission burst
· UE may assume that CSI-RS transmission has a constant power in each slot within a DL transmission burst, and the UE shall not assume that the CSI-RS transmission power is the same across transmission bursts
· UE should not average CSI-RS measurements across transmission bursts
· Interference measurement for CSI is not allowed outside of the serving cell transmission periods



CSI-RS for TRS
In NR R15, A-TRS are possible but are dependent on P-TRS. Contribution [4] proposed to introduce “stand-alone” A-TRS. Second option on the table, is to include P-TRS into DRS, as discussed in [5], such TRS could be transmitted periodically every 40ms with CAT2 LBT. Third option is to do nothing (i.e. no further specification) and utilize existing P-TRS and UE would monitor for GC-PDCCH or initial signal to determine validity of TRS resource. The discussed alternative can be summarized:
· Alt.1: Specify standalone AP-TRS as discussed [4]
· Alt.2: Specify adjustment of P-TRS to fit in DRS as discussed in [5]
· Alt.3: “No” specification, UE determines validity of P-TRS from GC-PDCCH or by detecting initial signal.

From above alternatives, we see Alt.2 as the option which is the most logical, because DRS are transmitted (or attempted to be transmitted) periodically for the purpose of synchronization.  
Proposal 21: Adopt Alt.2, i.e. specify adjustment of P-TRS to fit in DRS 
Conclusion 
In this contribution, we have discussed potential solutions and techniques for NR unlicensed related to DL physical channels and signals. Based on the discussion, we make the following observations and proposals:
Observation 1: Assuming mandatory features of NR R15, for detection of PDCCH DMRS, NR UE assumption is that PDCCH DMRS are available within the PDCCH candidate only.
Observation 2: To meet PDCCH performance tests, UE has to perform PDCCH blind detection to detect gNB COT. Reduction of number of PDCCH monitoring candidates outside the COT is essential for NR-U UE power consumption.     

Proposal 1: Outside the COT, NR-U UE monitors only a single search-space-set with one or two candidates per LBT sub-band 
Proposal 2: UE should be able to receive DL channels/signals and transmit UL channels/signals in the gNB acquired COT also in an absence of GC-PDCCH. 
Observation 3: Indication of flexible symbol by SFI on top of a configured CORESET to drop PDCCH monitoring is supported in R15, however cannot facilitate power-saving for a NR-U UE.
Proposal 3: Support a mechanism for the UE to change its PDCCH (incl. GC-PDCCH) monitoring behavior based on one or more of the following, to be further discussed:
· Relation to the detection of a DL burst
· Timer after DCI detection
· Configuration
Proposal 4: Support a mechanism for the UE to change its PDCCH (incl. GC-PDCCH) monitoring behaviour 
· In Pre-COT phase/Partial slot phase, when UE detects a DCI in an initial search-space-set it assumes it detected a DL burst
· The DCI can be GC-PDCCH or unicast DCI, i.e. up to gNB configuration
· UE continues monitoring initial search-space set(s) until next slot boundary
· UE monitors non-initial search-space set(s) from the next slot boundary 
· In Full slot phase of COT, UE determines COT ending (and moves to Pre-COT phase):
·  based on received GC-PDCCH indicating COT-end or
·  in the absence of GC-PDCCH: 
·  based on expiration of UE’s “inactivity timer” or
·  based on ending of UL transmission   
Proposal 5: Support 14-symbol duration for TYPE-B PDSCH, if no significant standardization effort is required
Proposal 6: For NR-U adopt the PDSCH Type B DMRS locations based on PUSCH Type B locations except for L=8 and L=9 which has been agree for dynamic spectrum sharing already in RAN1#98. 
Proposal 7: Extend the TS38.214 definition for the Type B PDSCH allocation processing times for the new PDSCH allocation durations as outlined above.
Proposal 8: Extend the TS38.211 definition for the Type B PDSCH collision with the DMRS to account for the new PDSCH type B allocation durations.
Observation 4: FG3-1 and FG 3-5b (7,3) can be handled easily using Option 1 (R15 NR), it is unclear how to handle FG 3-5b (4,3) and FG 3-5b (2,2).
Observation 5: For a UE with capability FG 3-5b (4,3), Option 3 (flexible Type allocations) + Option 1 compared to solely Option 1 has ~15% better efficiency in partial slot on average.  
Observation 6: For UE with capability FG 3-5b (2,2), Option 3+Option 1 compared to solely Option 1 has better efficiency.  
Observation 7: Independently of capability, if RAN1 supports Option 1+ Option 3, the UE’s PDCCH blind decoding effort in Partial slot phase can be kept the same (max 2 PDCCH monitoring occasions). This resulting into power efficient NR-U design. 
Proposal 9: Discuss mandatory TYPE-B PDSCH durations together with mandatory capabilities on PDCCH monitoring 
· For NR-U and TYPE B unicast PDSCH mapping, UE supports [L=5 or L=6] and [L=9 or L=10] if supports monitoring capability FG 3-5b (4,3).
Observation 8: R15 design of SFI is not capable of indicating the SFI in various NR-U scenarios
Proposal 10:  GC-PDCCH supports explicit indication for the COT end. This is done with the resolution of one slot.
Proposal 11:  GC-PDCCH supports explicit indication for the SFI-start. This is done with the resolution of one slot.
Proposal 12: It should be left for corresponding features to decide whether the following content is supported by the GC-PDCCH
· Occupied bandwidth (Should be discussed in Wideband operations)
· COT Sharing indicating, i.e. gNB scheduling PUSCH with Cat 4 UL transmission (including CG) and UE switching to CAT 2 when the PUSCH falls in gNB COT (Should be discussed in Channel Access and Configured Grant)
Proposal 13: When GC-PDCCH is configured, a bit field in GC-PDCCH indicates one sub-band combination from preconfigured subset of sub-band combinations in a BWP that is available for DL reception
· One signaling state (e.g. state with index 0) is reserved to indicate that GC-PDCCH does not indicate sub-band combination for DL reception. 
· In CA case, bit field is associated to a cell index
Proposal 14: When GC-PDCCH is not configured, DCI format 1_1 contains bit field that indicates one sub-band combination from preconfigured subset of sub-band combinations in a BWP that is available for DL reception
· One signaling state is reserved to indicate that GC-PDCCH does not indicate sub-band combination for DL reception. 
Proposal 15:  UE switches back to PDCCH/initial signal monitoring in all sub-bands 
· after a UE transmits in UL (PUCCH and/or PUSCH)
· after the indicated end of COT
Proposal 16: RAN1 should select between the following two behaviors for GC-PDCCH
· Alt.1: GC-PDCCH monitoring is limited to first 3 symbols and GC-PDCCH content is valid starting from the same slot where GC-PDCCH is received.
· Alt.2: GC-PDCCH monitoring may be in any symbol of a slot and GC-PDCCH content is valid from the slot after the slot where GC-PDCCH has been received.

Proposal 17: For UE configured with FFP, introduce configuration parameter indicating search-space set X is dependent on search space set Y
· UE configured with search space set X and Y, does not monitor search space set Y in FFP unless it detects at least one PDCCH in search space set X
Proposal 18: Provide means for Idle UEs transmitting PRACH to determine whether the gNB acquired COT is available for UE transmission or not.
· Details are FFS
Proposal 19: Support only aperiodic CSI reporting on the unlicensed carrier.
Proposal 20: NR-U CSI measurement framework builds on top of NR R15, with the following unlicensed changes:
· For CSI report in slot n, UE’s CSI channel measurement is restricted within the transmission burst to which the CSI reference resource belongs
· Slot in a serving cell shall be considered to be a valid downlink slot if it is in addition to existing conditions as well part of a transmission burst
· UE may assume that CSI-RS transmission has a constant power in each slot within a DL transmission burst, and the UE shall not assume that the CSI-RS transmission power is the same across transmission bursts
· UE should not average CSI-RS measurements across transmission bursts
· Interference measurement for CSI is not allowed outside of the serving cell transmission periods

Proposal 21: Adopt Alt.2, i.e. specify adjustment of P-TRS to fit in DRS 
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 Appendix – Agreements
The following agreements and working assumptions related to DL signals and channels were made in:
RAN1#92bis
Agreement: NR-U supports both Type-A and Type-B mapping already supported in NR 
· Additional starting positions and durations are not precluded
· For sub-7 GHz, NR-U study the SCSs, 15/30/60KHz
· Study performance difference between different SCS
· Study if changes to UL design are needed to meet the PSD and OCB requirements
· Study if an SS block design/RMSI/OSI with 60KHz SCS is needed 
· Impact on MIB and SIB1 content 
· Need for use of ECP for 60KHz
· RACH design with 60KHz SCS in addition to options currently part of NR
· Other considerations are not precluded. 
· Impact on support of different BWs with different SCS
· Study supporting more than one switching points within a TxOP
· FFS the LBT requirement for each DL/UL data/control burst in the TxOP
RAN1#93
Agreement: 
· Single and multiple DL to UL and UL to DL switching within a shared gNB COT is identified to be beneficial and can be supported
· LBT requirements to support single or multiple switching points, include
· For gap of less than 16us: no-LBT can be used 
· Restrictions/conditions on when no-LBT option can be used will be further identified, in consideration of fair coexistence. 
· For gap of above 16us but does not exceed 25us: one-shot LBT can be used 
· Restrictions/conditions on when one-shot LBT option can be used will be further identified, in consideration of fair coexistence. 
· For single switching point, for the gap from DL transmission to UL transmission exceeds 25us: one-shot LBT is used 
· Further study needed on how many one-shot LBT attempts is allowed for granted UL transmission 
· FFS: For multiple switching points, for the gap from DL transmission to UL transmission exceeds 25us, one-shot LBT is used. Regulations for this option.

RAN1#94bis
Agreement: 
It has been 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.
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.

Agreement: 
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.
RAN1 #95
Agreement:
Adopt the following text for the TR:
· The detection of a gNB’s transmission burst by the UE has been studied, and concerns on the UE power consumption required for Tx burst detection e.g. if the UE needs to frequently detect/monitor the PDCCH have been raised. The proposals that have been made by contributions regarding these topics include existing NR signal(s) with potential enhancement(s), a channel such as PDCCH with potential enhancement(s), and the 802.11a/802.11ax preamble with potential enhancement(s); consensus was not achieved on any of these proposals. The detection/decoding reliability of each of the proposals has not been sufficiently evaluated for a complete evaluation of the proposals against each other. The power consumption and detection/decoding complexity of each of the proposals have not been sufficiently evaluated for a complete evaluation of the proposals against each other. The relation of a proposal with C-DRX and/or measurement gap(s) may need further consideration when specifications are being developed.
Agreement:
Adopt the following text for the TR:
· 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.
RAN1 AH 1901
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 

RAN1 #96
No agreements
RAN1 #96bis
Agreement:
Only further discuss/consider Option 3 (PDSCH mapping type B with durations other than 2/4/7 symbols) as potential enhancements to PDSCH transmissions.

RAN1 #97
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

RAN1 #98
Agreement:
· The following is agreed for DM-RS positions for PDSCH mapping Type B of length 9 and 10:

	  in symbols
	
DM-RS positions 

	
	PDSCH mapping type B

	
	dmrs-AdditionalPosition

	
	0
	1
	2
	3

	9
	[image: ]
	[image: ], 7
	[image: ],4,7
	[image: ],4,7

	10
	[image: ]
	[image: ], 7
	[image: ],4,7
	[image: ],4,7


· 
If the PDSCH duration  is 10 OFDM symbols for normal cyclic prefix, and if at least one of the DM-RS symbols corresponding to the PDSCH allocation collides with resources reserved for at least one of the symbols of a LTE CRS transmission, shall be incremented by 1
· FFS: Whether the increment is applicable to all slots or a subset of slots

Conclusion:
· PDSCH type B durations 9,10 will not be optimised for double symbol DM-RS for avoiding LTE-CRS collisions

Agreement:
Support bit field corresponding to available LBT bandwidths in GC-PDCCH (add a bitmap in the GC-PDCCH DCI)
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