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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].
To maximize the applicability of NR-based access, it is beneficial to specify changes to NR enabling operation in unlicensed bands/scenarios as part of the NR development. In this contribution, we consider issues/changes related to DL signals and channels. 
Relevant SI-phase agreements in RAN1#92bis [3], RAN1#93 [4], and RAN1#94 [5] and RAN1#94bis [6], RAN1#95 [7] and RAN1 #AH1901 [8] are listed in the Appendix. 
On PDCCH monitoring 
RAN1#95 agreed:
· 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.
As shown in an example of the proposed COT structure in Figure 1, three phases of monitoring can be identified defining the PDCCH monitoring time-domain instances: (i) Pre-COT phase (ii) Sub-slot phase (iii) Full-slot phase

   
Figure 1 PDCCH monitoring in DL Tx burst (COT)

In Pre-COT phase, a NR-U UE with corresponding monitoring capability (e.g. FG3-5b [2,2]) performs detection of WB PDCCH DMRS in every second symbol / monitoring occasion (as shown in Figure 1) based on Pre-COT phase configuration. The capability would allow for 7 monitoring occasions. Upon detection of WB PDCCH DMRS, the Sub-slot phase monitoring starts. 
Sub-slot phase would be used for aligning the ending position of the first transmission(s) of DL Tx burst with the slot boundary. In this phase, in case of partial-slot design with Option 3 (see Section 3 below), a UE would be having one or two monitoring occasions, being subset of Pre-COT phase monitoring occasions. One would be at the beginning of COT, and the other would be right after the first mini-slot. In other words, monitoring occasions in Sub-slot phase would be dynamically determined from Pre-COT phase monitoring occasions. 

In the Full-slot phase, the UE monitors PDCCH according to Full-slot phase configuration similar to NR R15. It should be further studied, whether and how UE should be informed about the phase of the COT.

This three-phase approach has several benefits:
· UE power saving: unnecessary PDCCH monitoring with a high periodicity (such as 2 OFDM symbols) can be avoided after the first transmission of DL Tx burst.
· Reduced control channel and DMRS overhead: unnecessary mini-slot based PDCCH, HARQ-ACK and DMRS overhead is avoided, without compromising fast channel access. 
· Reduced implementation complexity as gNB can prepare DL transmission of selected length in advance w/o knowing the absolute starting timing of the DL Tx burst. This is inline with the agreement made in RAN1#94bis: “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”.

Proposal 1: Support three-phase PDCCH monitoring, where 
· WB-DMRS blind detection would be performed in Pre-COT phase, based on Pre-COT phase configuration of monitoring occasions.  
· PDCCH blind detection would be performed in Sub-slot phase, in one or two implicitly determined monitoring occasions, being a subset of Pre-COT phase configured monitoring occasions. 
· PDCCH blind detection would be performed in Full-slot phase, based on separate Full-slot phase configuration of monitoring occasions. 
· FFS: whether and how UE should be informed about the phase of the COT
Partial slot design for DL 
It was agreed in RAN1#92bis that “NR-U supports both Type-A and Type-B mapping”. Type-B mapping (a.k.a. non-slot- based scheduling with DMRS in the first symbols of PxSCH) allows flexible starting position in a slot and can reduce the time between the possible consecutive transmission starting positions. Type-A mapping, unlike Type-B, supports more flexible (in terms of allocation length) PxSCH time-domain resource allocations. Hence it can provide flexible ending symbol for both DL and UL portions of the COT. 
Type-B mapping represents an efficient way to reduce the time between the possible consecutive transmission starting positions. 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 and frequency of transmission starting positions is needed. 
The following was agreed in RAN1#94bis: “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.”




Performance of option 2
We have continued the study from [9] and simulated broad variety of transport blocks for a case depicted on Figure 2. The simulated scenario represents an average performance for the partial slot:
· COT starts from the 8th symbol of the slot
· Each Option has 5 symbols available for PDSCH (data and DMRS).
· PDSCH is NOT rate-matched around CORESET carrying the PDCCH scheduling the PDSCH.
The rest of the parameters is summarized in Appendix – Simulation parameters partial slot.

 
Figure 2 Illustration of simulated scenarios
In Figure 3, for very small TBs, the performance of Option 2 compared to Option 3 is offset by up-to 3dB, for mid-sized TBs it is offset by half dB, while for very large TBs, the asymptotic behaviour is observed for Option 3.   [image: ]
Figure 3 Performance of Option 3 and Option 2

Proposal 2: Do not consider further Option 2 for partial slot design
UE’s monitoring capability
A gNB’s choices to form a partial slot, based on above options is dependent on UE’s capability. The example of PDCCH configuration for mandatory capability (for unicast) and FG 3-5b optional capabilities are shown in Figure 4, for 1OS long PDCCH. FG3-1 and FG 3-5b (7,3) can be handled easily using Option 1, it is unclear how to handle FG 3-5b (4,3) and FG 3-5b (2,2).



Figure 4 An Example of NR R15 monitoring capabilities

[bookmark: _GoBack]Observation 1: FG3-1 and FG 3-5b (7,3) can be handled easily using Option 1, it is unclear how to handle FG 3-5b (4,3) and FG 3-5b (2,2).
There are certain criteria that should be considered when down-selecting the schemes
· First gNBs TTI has the same TB irrespective of starting position (Agreed)
· gNB shall be allowed to assemble continuous transmission, without transmitting reservation signals
· The monitoring occasions position shall not vary within the gNB COT, to allow UEs to catch up if they missed the start of COT. 

In the following sub-sections, we analyse FG 3-5b (4,3) and FG 3-5b (2,2). Note that the first mini-slot PDSCH of e.g. L=4* is prepared beforehand, rate-matches around CORESET and PDSCH DMRS (full symbols), and is not rate-matched to CSI-RS or DRS. If due to actual transmission, first mini-slot collides with configured CSI-RS or DRS, those are dropped or shifted. 
FG 3-5b (4,3) – max 3/4 monitoring occasions 
In the following figures CORESET is denoted by ‘C’. PDSCH length is denoted ‘L’, where ‘*’ denotes use of rate-matching around CORESET. COT starting symbol is ‘S’ and DMRS symbol is ‘D’. DMRS belongs to PDSCH allocation. Efficiency in the Figures 5-8 is computed as number of PDSCH symbols divided by the number of symbols from starting symbol until the end of slot. DMRS symbol is counted as 0.5 symbol for PDSCH. For example, in Figure 5 in row 2, efficiency is obtained as (2.5+2.5+0.5)/10=0.55. Average efficiency is averaged across the rows. 
Option 1 (Figure 5): In the end of the slot inefficient L=2* PDSCH has to be scheduled to align with slot.
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Figure 5. Option 1 with FG 3-5b (4,3)
 

[bookmark: _Hlk3922829]Option 3 (Figure 6): the efficiency for the 3rd starting position is low due to L=2* PDSCH, but comparable to Option 1. 
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Figure 6. Option 3 + Option 1 with FG 3-5b (4,3)

Observation 1: For a UE with capability FG 3-5b (4,3), Option 3+Option 1 compared to solely Option 1 has ~15% better efficiency in partial slot on average.  
FG 3-5b (2,2) – max 7 monitoring occasions
Figure 7 illustrates one example for partial slot transmission 7 configured Pre-COT phase monitoring occasions. In Sub-slot phase, depending on COT start, there can be one or two monitoring occasions. The second monitoring occasion may be implicitly determined relative to COT start and/or informed in the GC-PDCCH. In Figure 7, the second monitoring occasion is the l+4, where l is symbol index of COT start. 
The next monitoring occasions follow already the RRC configured monitoring of Full-slot phase (‘F’). The implicit determination of 2nd monitoring occasion in Sub-slot phase has two advantages: (i) it does not require explicit signalling (ii) and guarantees fixed span between monitoring occasions, which is desirable from implementation point of view. In row 5, left-over symbols #12 and #13, gNB transmits low efficient L=2* PDSCH. With Option 1 solely, gNB would need to use inefficient L=2* PDSCH allocations as well in rows 1 and 3. 
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Figure 7 Option 3 + Option 1 with FG 3-5b (2,2)

Observation 2: For UE with capability FG 3-5b (2,2), Option 3+Option 1 compared to solely Option 1 has better efficiency.  
Observation 3: Independently of capability, if RAN1 supports Option 1+ Option 3, the UE’s PDCCH blind decoding effort in Sub-slot phase can be kept the same (max 2 PDCCH monitoring occasions). This resulting into power efficient NR-U design. 
Specification impact for Option 3 in 38.214:
	[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}
(Note 1)
	{3,…,14}
	{3,…,14}
	{0,1,2,3}
(Note 1)
	{3,…,12}
	{3,…,12}

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

	Note 1:	S = 3 is applicable only if dmrs-TypeA-Posiition = 3






Based on benefits observed in this section and minimal specification impact, we have the following proposal: 
Proposal 3: Support Option 3 in addition to Option 1
Time independent structures for PDCCH/PDSCH:
When gNB is contending for channel access on unlicensed band, gNB needs to have a mini-slot or a slot ready for transmission, but it does not know when it can access channel and transmit the prepared mini-slot/slot. If (mini-)slot structure (including PDCCH) depends on the time, e.g. in terms of scrambling or pilot positions/sequence, gNB needs to repeatedly re-build mini-slots with the same data while it is contending for channel access. A simpler implementation is achieved if gNB can build a mini-slot only once and then wait for channel access. This is possible if mini-slot structure/signal does not depend on time. 
On the other hand, if mini-slot is not rebuilt then rate-matching around periodic signals is a challenge, which can be addressed by dropping periodic signals in the first TTI of the COT or puncturing the whole PDSCH symbol. Former not causing significant impact to system performance. Also, uncompromised inter-cell interference randomization via scrambling may be needed in some scenarios, implying that the time dependency/independency of mini-slot structure could be a configurable option or would only be applied for the mini-slots at the beginning of the COT. Also, network may configure gNBs in the area with different scrambling ID. 
Observation 4: Time independent PDSCH/PDCCH DMRS sequence at gNB would save a lot of processing and power at the gNB side, while if applied only on the first PDSCH/PDCCH of the COT, it has insignificant impact on the system performance. 
Proposal 4: At least for the first PDCCH/PDSCH of the gNB COT, support DMRS sequence initialization which is independent of time, i.e. not dependent on absolute frame/slot/symbol index.    
Detecting the DL burst of a serving cell 
RAN1# AH1901 agreed that UE assumes that gNB’s DL burst starts with PDCCH DMRS. 
	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 



Whether DMRS belong to PDCCH or GC-PDCCH is irrelevant if all REGs of a CORESET contain WB DMRS, in fact only DMRS can be transmitted in CORESET if gNB wants. Instead, RAN1 should further discuss how to define properties of such DMRS in frequency domain to guarantee good detection performance. And RAN1 should also discuss how a UE determines monitoring occasions to search for WB DMRS.  
Frequency and time domain properties
There have been several proposals [10] to RAN1#96 on how to define PDCCH DMRS of initial signal. In our opinion, to maximize the detection reliability, PDCCH DMRS should: 
· be in the span of entire sub-band or Tx BW / temporal BWP for wideband carrier, 
· support precoder cycling with PRB bundle granularity, which not only improves performance of detection (See Appendix - Burst detection and WB DMRS design) but also enables UE-specific delivery of PDCCH to specific UE as well as enable diversity in broadcast, 
· and last but not least DMRS should provide RS for coherent detection of PDCCH with good performance. 
All above can be achieved by R15 if gNB configures:
· CORESET spanning whole BW
· CORESET with narrow-band precoding
· Schedules GC-PDCCH such that all CCEs of CORESET are occupied. 
However, gNB that wants to serve GC-PDCCH and one or more unicast DCI in the same CORESET, the transmission bandwidth given the GC-PDCCH candidate may not span the whole CORESET, this resulting in worse performance (provided that multiple possible ALs are configured for GC-PDCCH). Therefore, it would be beneficial if UE can expect that DMRS are transmitted within all the REGs of the CORESET.
Furthermore, a UE that missed the beginning of the COT, should be able to catch up in both Sub-slot and Full-slot phase. However, the UE does not know which phase it is in when trying to detect initial signal. Therefore, we think that monitoring occasions in Full-slot phase within a slot should be subset of monitoring occasions in Pre-COT phase. This can be achieved by proper gNB configuration.  
Observation 5: A gNB may configure monitoring occasions in Full-slot phase to be subset of those configured in Pre-COT phase, this to enable a UE to detect COT also in Full-slot phase.  
Proposal 5: NR-U supports a CORESET where UE may assume all REGs contain PDCCH DMRS and both wide-band or narrow-band precoding can be configured. UE assumes that all REGs contain PDCCH DMRS
· Alt 1: based on the CORESET configuration, i.e. in all monitoring occasions of all search space sets associated with the CORESET   
· Alt 2: based on monitoring occasions of GC-PDCCH search space set associated to the CORESET
COT structure indication
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.




The COT structure related fields in group common PDCCH in feLAA are the following:
· Current and following slot format (for DL)
· Offset and length of UL portion within the shared COT
· AUL allowed or not in UL portion of shared COT
· Two stage PUSCH scheduling allowed or not in UL portion of shared COT
At first glance it seems that first two points may be covered directly by R15 SFI design. However, unlike in licensed spectrum, where SFI is monitored periodically, in NR-U it is envisioned that DCI format 2_0 will be monitored more often after the beginning of the COT, to ensure information can be conveyed to UEs which missed the very beginning of the COT. If gNB would transmit GC-PDCCH in every slot, the gNB would need to configure multiple versions of the same DL/UL structure (D, D, D, Special, UL) or (D, D, D, Special, UL, UL) as shown in example of Figure 8. Correspondingly, a UE would indicate the following SFI in the different slots, as shown in Table 1, assuming no COT shortening. 

Table 1 Indicated SFI
	slot
	n
	n+1
	n+2
	n+3
	n+4

	Indicated current SFI
	0
	1
	2
	3
	4







Figure 8 Example illustrating the need for multiple shortened versions of the same DL/UL pattern
Another somewhat similar issue is that while the transmission burst may have a limited set of potential DL/UL structures (or slot format combinations), the timing of the transmission burst varies due to contention on the channel access. NR SFI provides the slot format combination relative to the slot timing (slot number) of cell, i.e. absolute timing. On the other hand, in NR-U the gNB may start its DL burst in any slot, making the timing of the slot format “slide” in time. Hence, to support varying timing of transmission burst, gNB would need to configure multiple versions of the same slot format combination just to support different transmission burst starting times. This all leads to a very large number of SFI configurations, which are impractical to define and manage, and involve excessive configuration overhead.
Further, NR-U gNB might want to support different ratios of DL/UL split and also change this split on the fly and indicate different versions of bi-directional slot. For example, NR-U cell may frequently serve only few active UEs in a transmission burst, due to small cell sizes of NR-U. With short UE processing times and multiple UL/DL switching points during the transmission burst, gNB obtains HARQ feedback and determines the need for further HARQ retransmissions during the transmission burst. This will impact the preferred slot format combination – e.g. duration -  for the ongoing transmission burst.    
Observation 6: Operation based on legacy R15 DCI format 2_0 would result in significantly increased configuration overhead as well as additional complexity. 
Therefore, enhancements to the current SFI design are needed, as shown on example on Figure 9. The GC-PDCCH should be able to indicate 
· Current SFI (as in licensed)
· Current SFI start-slot: to be able to indicate the same preconfigured SFI table entry in multiple slots or to shorten the DL part
· Current SFI end-slot: to be able to shorten the UL part of the preconfigure SFI table entry
· Next SFI: to be able to indicate COT with multiple switching points



Figure 9 Enhancements to SFI signaling

Proposal 6: In NR-U, a GC-PDCCH may indicate in addition to a legacy SFI (indicating a preconfigured combination of slot formats) also
· A slot/symbol where the legacy SFI starts
· A slot/symbol where the legacy SFI ends
· Next/upcoming SFI
In addition, unlike in licensed, in unlicensed NR the indicated direction received later shall be able to override the direction indicated in the previous time instance, and GC-PDCCH validity should be set to l+x, where l is the last symbol of PDCCH and x is the specified offset. Otherwise, flexible symbols/slots would need to be signalled in SFI to enable later override. Also, we think that additional partial-slot entries of slot format are not needed, because gNB would typically start with all DL symbols in the first partial slot of a COT and end with all UL symbols in last partial slot of a shared COT.  
Observation 7: New partial slot formats are not needed.
Proposal 7: In NRU, support GC-PDCCH overriding the direction indicated in the previous GC-PDCCH 
The above content should be the base content of GC-PDCCH. An additional content may be added later to the GC-PDCCH. 
Proposal 8: It should be left for corresponding features to decide whether the following content is supported by the GC-PDCCH
· Occupied bandwidth (Wideband operations)
· COT Sharing (Configured grant sharing) 
· PDCCH monitoring occasion indication (Partial slot design)

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:
Proposal 1: Support three-phase PDCCH monitoring, where 
· WB-DMRS blind detection would be performed in Pre-COT phase, based on Pre-COT phase configuration of monitoring occasions.  
· PDCCH blind detection would be performed in Sub-slot phase, in one or two implicitly determined monitoring occasions, being a subset of Pre-COT phase configured monitoring occasions. 
· PDCCH blind detection would be performed in Full-slot phase, based on separate Full-slot phase configuration of monitoring occasions. 
· FFS: whether and how UE should be informed about the phase of the COT
Proposal 2: Do not consider further Option 2 for partial slot design
Observation 1: FG3-1 and FG 3-5b (7,3) can be handled easily using Option 1, it is unclear how to handle FG 3-5b (4,3) and FG 3-5b (2,2).
Observation 2: For UE with capability FG 3-5b (2,2), Option 3+Option 1 compared to solely Option 1 has better efficiency.  
Observation 3: Independently of capability, if RAN1 supports Option 1+ Option 3, the UE’s PDCCH blind decoding effort in Sub-slot phase can be kept the same (max 2 PDCCH monitoring occasions). This resulting into power efficient NR-U design. 
Proposal 3: Support Option 3 in addition to Option 1
Observation 4: Time independent PDSCH/PDCCH DMRS sequence at gNB would save a lot of processing and power at the gNB side, while if applied only on the first PDSCH/PDCCH of the COT, it has insignificant impact on the system performance. 
Proposal 4: At least for the first PDCCH/PDSCH of the gNB COT, support DMRS sequence initialization which is independent of time, i.e. not dependent on absolute frame/slot/symbol index.    
Observation 5: A gNB may configure monitoring occasions in Full-slot phase to be subset of those configured in Pre-COT phase, this to enable a UE to detect COT also in Full-slot phase.  
Proposal 5: NR-U supports a CORESET where UE may assume all REGs contain PDCCH DMRS and both wide-band or narrow-band precoding can be configured. UE assumes that all REGs contain PDCCH DMRS
· Alt 1: based on the CORESET configuration, i.e. in all monitoring occasions of all search space sets associated with the CORESET   
· Alt 2: based on monitoring occasions of GC-PDCCH search space set associated to the CORESET
Observation 6: Operation based on legacy R15 DCI format 2_0 would result in significantly increased configuration overhead as well as additional complexity. 
Proposal 6: In NR-U, a GC-PDCCH may indicate in addition to a legacy SFI (indicating a preconfigured combination of slot formats) also
· A slot/symbol where the legacy SFI starts
· A slot/symbol where the legacy SFI ends
· Next/upcoming SFI
Observation 7: New partial slot formats are not needed.
Proposal 7: In NRU, support GC-PDCCH overriding the direction indicated in the previous GC-PDCCH 
Proposal 8: It should be left for corresponding features to decide whether the following content is supported by the GC-PDCCH
· Occupied bandwidth (Wideband operations)
· COT Sharing (Configured grant sharing) 
· PDCCH monitoring occasion indication (Partial slot design)
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 Appendix – Agreements
The following agreements and working assumptions related to DL signals and channels were made in:
RAN1#92bis
Agreement: [2]
· 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 RAN1#96
No agreements
 Appendix – Simulation parameters partial slot

Table 2 Simulations assumptions
	Parameter
	Value

	Control overhead
	48 RBs (8 CCEs)

	Subcarrier spacing
	30 kHz

	Bandwidth
	20 MHz (48 PRBs)

	Antenna setup
	1x2

	Radio channel
	TDL C

	Carrier frequency
	5 GHz



. 
 Appendix - Burst detection and WB DMRS design
We have evaluated performance WB DMRS burst detection, assuming the following assumptions 
	Parameter
	Value

	Number of TX/RX antennas
	2/2

	Modulation
	QPSK

	Channel
	TDL-C 100ns

	Subcarrier spacing
	15 kHz

	Pilot symbols
	1

	UE speed
	3 kmph

	PRBs
	48, 96



The results are shown in Figure 10. The precoder cycling outperforms constant precoder by 1-1.5 dB at 1% miss-detection rate. It also shows that for the simulated channel, 10MHz channel and shorter sequence, the detection performance is significantly worse for WB precoder compared to 6PRB/REG precoder cycling. 
 [image: ]
Figure 10 Performance of WB DMRS detection with precoder cycling and WB precoder
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