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Introduction
In this contribution, we provide our views for the remaining issues of COT structure indication, DL burst detection, dynamic PDCCH monitoring, DMRS for PDSCH mapping type B and design of CSI-RS. 
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COT structure indication
In this section, we discuss the remaining issues of COT structure indication.
2.1 DL/UL transmission direction indication 
Rel-15 NR supports a two-level mechanism to determine the slot format: semi-static slot configuration via RRC and dynamic slot formation indicator (SFI) via GC-PDCCH (DCI format 2_0). Semi-static slot configuration defines DL, UL, and Flexible symbols which are useful for periodic transmission. In Rel-15, only semi-static Flexible symbols can be repurposed by dynamic SFI. 
For unlicensed band operation being defined in Rel-16, due to timing uncertainty when the channel is available, to have semi-static configuration of DL/UL symbols is not so efficient. It would be better to decide the resource usage after the transmitter, e.g. gNB, has acquired the channel. Therefore, for unlicensed operation, all symbols can be defined as semi-static flexible. UE monitors the GC-PDCCH carrying dynamic SFI (and SSB as well to maintain the sync) according to the configuration. The slot format, hence the resource usage, only becomes specific once the channel occupancy is identified. 
Proposal 1: COT structure in time domain defines which symbols are DL, UL, and Flexible for one or a few slots, similar to Rel-15 Slot Format Indication.
	- all symbols are semi-static flexible in unlicensed option 
2.2 COT duration indication related issues
In previous meeting, the following agreement has been made regarding the indication of end of COT.
	Agreement:
Add a COT duration bit-field per serving cell in GC-PDCCH, i.e., DCI format 2_0
· The following are configurable by RRC:
· Presence of this bit-field
· Location of this bit-field in the DCI
· Length of this bit-field in the DCI 
· FFS: Whether a single value will suffice in which case, the length is not configurable
· Encoding of the bit field value, i.e., what COT duration corresponds to which bit-field value
· If a UE receives this bit-field, it applies the knowledge about end-of-COT at least for the purpose of UL transmission LBT category switching in a gNB-acquired COT
· If this field is not present, UE should use SFI indication to determine end-of-COT (if SFI is available)
· FFS: details for this SFI-based mechanism
· FFS: Whether the duration is encoded as e.g., total length or remaining length.
· FFS: Granularity the signalled duration



There are still a few open issues in the above agreement. Regarding the granularity of the signalled duration, it is sufficient for UE to know which slot is the ending slot instead of ending symbol within a slot. In other words, slot-level granularity is sufficient. The reasons are the following. We see two main use cases for the COT duration indication. One is, as mentioned in the above agreement, for the purpose of UL transmission LBT category switching between in/outside gNB-acquired COT. The other one is search space set group switching, e.g. mini-slot PDCCH monitoring outside COT and slot-based PDCCH monitoring within the COT. For both use cases, it would significantly ease the implementation complexity if the above-mentioned switching only occurs at the slot boundary. Therefore, it is sufficient for UE to know the COT duration by a slot granularity in Rel-16. Further optimization using finer granularity can be considered in future release if such use cases are identified. Note that even if the COT duration indication has slot granularity, by handling the assignment by PDCCH on PDSCH/PUSCH, the end of COT itself can be in the middle of the slot.
Proposal 2: COT duration indication has slot-level granularity in Rel-16.
Another open issue is whether the duration is encoded as total length or remaining length. In our opinion, either option can work. However, it is more important that the duration of COT can be dynamically updated. At the beginning when gNB has acquired the COT, it is not necessary for gNB to plan the maximum COT duration and the corresponding COT structure. To better adapt to the traffic variation, it is more efficient that gNB only plan one or a few slots ahead, and then decide later whether to extend the COT and the corresponding usage of the resources (aka COT structure). To enable such flexibility, the GC-PDCCH received later should be able to overwrite the COT duration received in earlier GC-PDCCH. 
Proposal 3: COT duration should be able to dynamically update.
Yet another open issue is, if the bit-field of COT duration is not present, how UE can determine the end-of-COT using SFI indication. A straightforward solution is to define a specific SFI index in the RRC configured SFI table to represent this current slot is end-of-COT (or, out-of-COT). For example, one GC-PDCCH indicates SFI for consecutive 3 slots, and COT ends at the 5th symbol of the second slot (while the first 4 symbols in second slot are UL). The GC-PDCCH would look like:
DDDDDDDDDDDDDD; UUUUFFFFFFFFFF; out-of-COT
The dynamic update also applies to SFI. However, to improve reliability, the update can be performed in a partial overlapping manner. For example, the first GC-PDCCH indicates COT structure for slots#0,#1,#2, and the next GC-PDCCH indicates slots#1,#2,#3, where the indication for slots#1 and #2 is the same as the previous GC-PDCCH, with only slot#3 is updated. If COT ends in slot#3, then the next GC-PDCCH indicates slots#2,#3,#4, where slot#4 is pointed to a “out-of-COT” SFI index. Such operation is also necessary when UE wakes-up in the middle of COT by DRX operation.  
Proposal 4: One GC-PDCCH indicates SFI for a few consecutive slots, which contents partially overlapping to improve the robustness.  




2.3 Cat1/Cat2/Cat4 switching
For NR-U UL transmission, if it is outside gNB’s COT, Cat-4 LBT should be used for UE to initiate a COT; otherwise Cat-2 LBT or Cat-1 LBT should be used depending on the gap. If UE intended UL transmission is not informed about the gNB’s COT, wrong LBT category may be assumed by the UE, which leads to unnecessary failure of the LBT. The issue can be illustrated by the following Fig. 1.



Fig. 1 CCA for PRACH is blocked unnecessarily without COT info

In Fig.1, without knowing the existence of gNB’s COT, Cat-4 LBT is used for the UE to initiate PRACH transmission. Unfortunately, this LBT would be blocked by gNB’s DL transmission. Such blocking can be avoided if UE knows the correct LBT category, in this example, Cat-2 with 16us. 
In the previous meeting, to include COT duration or end-of-COT indication in the GC-PDCCH has been agreed, as mentioned in the above section. However, by knowing whether the intended UL transmission is within the COT or not is not sufficient for UE to apply correct gap for LBT. Since NR-U supports multiple gap durations for Cat-2 LBT, not only the LBT category but also the gap duration should be indicated to the UE. One example is to use the following table: 
Table 1. Example of index and gap duration
	Index
	Gap duration, LBT
Category

	0
	16μs, LBT Cat. 1

	1
	16μs, LBT Cat. 2

	2
	25μs, LBT Cat 2

	3
	No gap, UL Tx is blocked 



The bit-field indicating the LBT category can be included in the same GC-PDCCH carrying COT structure, or a separate PDCCH, e.g. UE-specific PDCCH. For PRACH or configured PUSCH, it is reasonable to include the LBT category indication in the GC-PDCCH in order to inform a group of UE. On the other hand, for the dynamic granted PUSCH, the indication can be transmitted in the scheduling PDCCH.
Proposal 5: LBT category and gap duration can be indicated in the GC-PDCCH carrying COT structure.  

DL burst detection
There has been no progress on this topic since RAN1 AH1901 in Taipei, where the following agreement was made:
	· 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



The final decision on signal/channel for DL burst detection highly depends on the assumption of PDCCH monitoring behaviour before UE identifies a COT. If we assume GC-PDCCH carrying COT structure is the only PDCCH that UE needs to monitor before knowing the COT, it is a natural choice that such GC-PDCCH is used for DL burst detection purpose. If further power saving needs to be pursuit, as an UE implementation option, DMRS sequence correlation in the GC-PDCCH can be used for DL burst detection instead, meaning that UE would not decode GC-PDCCH unless DMRS sequence correlation passes the threshold or channel estimation from DMRS provides good enough channel strength. Notably, as mentioned in the above agreement, the power saving possibility by not necessitating blind decodes assumes performance relaxation for PDCCH decoding is NOT needed. 
However, until the previous meeting, there is no consensus in RAN1 that UE is restricted to monitoring only GC-PDCCH before identifying COT. Therefore, to facilitate the power saving, it makes sense to rely on a wideband DMRS which may not link to any PDCCH for burst detection. This wideband DMRS is associated with a CORESET which is the only CORESET for UE to monitor before detecting the COT (which is enabled by the agreement in the last meeting regarding the search space set grouping, see next section). Similarly, such sequence based detection is an implementation choice, and it does not mandate a two-step PDCCH decoding process for the UE with respect to DMRS detection.    
Proposal 6: UE may assume the presence of a wideband DMRS associated with the CORESET monitored before identifying COT to detect the transmission bursts by the serving gNB for power saving purpose. 

Dynamic PDCCH monitoring
In previous meeting, the following agreement has been made to support the dynamic adaptation of PDCCH monitoring. 
	Agreement:
· A UE can be provided with at least two groups (FFS: more than two groups) of search space sets for PDCCH. The UE can be configured to switch between the groups, indicated based on at least the following alternatives.
· Alt 1: implicitly e.g. after detection of [FFS: DL burst, (WB-)DM-RS, GC-PDCCH and/or PDCCH] and/or e.g., based on information on COT structure.
· Alt 2: explicitly in GC-PDCCH and/or PDCCH
· Search space sets that are not part of the configured groups (e.g., a common search space set) will always be monitored by the UE regardless of the search space set indication
· A single search space set can be part of more than one group.
· It is up to RAN2 to optimize the signalling to minimize overhead.



We discuss in the following the further details to support such functionality. 
4.1 How many groups are needed
The switching between search space set groups is motivated by the need to change the PDCCH monitoring granularity in time based on whether UE is within or outside COT. If outside the COT, monitoring PDCCH more frequently gives more chance for UE to be addressed (hence more chance for gNB to utilize the channel). On the other hand, if it is already inside COT, transmitting still frequent PDCCH can introduce unnecessary control overhead. Therefore, it is beneficial to switch to SS set group with coarser monitoring intervals. 
The following Fig. 2 illustrates one such example. 
[image: ]
Fig. 2. Example of SS set group switching
As shown, before identifying COT, UE monitors PDCCH according to group 1 configuration, i.e. every two-symbol, to increase the channel access possibility. After COT is identified, starting from the next slot boundary, PDCCH monitoring is switched to group 2, at slot granularity, in order to reduce control overhead. After COT ends, PDCCH monitoring is switched back to group 1 at the slot boundary. 
It is also clear from the above example, it is sufficient to have only two groups, at least for the case where there is only single LBT bandwidth within the carrier. In case of wideband operation where one carrier includes multiple LBT bandwidths, there could be a need for configuring more than two groups. For example, considering inside the COT, multiple search space set groups are configured to cover different combinations of LBT bandwidths that have passed LBT. Then depending on the actual LBT outcome, one of the groups can be activated for PDCCH monitoring within the COT.
Proposal 7: More than two groups of search space sets should be supported for the configuration.

4.2 When group switching occurs
It also becomes clear in the Fig. 2 that the switching only occurs at the slot boundary. This makes sense if the two groups differ only in monitoring occasions, e.g. slot versus non-slot based monitoring. Such definition based on the slot is necessary as UE capability of the number of blind decoding and CCE estimation are defined per slot. If more groups are introduced, it might be useful to enable the switching at some particular symbol within a slot. However, we fail to see the necessity in Rel-16. Therefore, the following proposal is made.
Proposal 8: Group switching only occurs at the slot boundary.

4.3 Implicit or Explicit indication
Two alternatives are mentioned in the agreement regarding the indication: implicit or explicit. The explicit method means a bit-field would be introduced in PDCCH or GC-PDCCH to explicitly inform UE which group is switched to. By contrast, the implicit method means UE can determine the group by knowing, e.g. the start of the COT and the end of the COT. As mentioned earlier, the switching is expectedly used for adaptation of PDCCH monitoring granularity in time between inside and outside the COT. Therefore, it is highly coupled with the COT structure. Introducing additional bit-field in DCI becomes unnecessary. Since the COT structure can be reliably known to the UE via GC-PDCCH, the misalignment caused by the implicit method is not likely to happen. As mentioned in section 2.2 (see Proposal 4), COT structure is indicated to UE by a partially overlapping manner. This improves the reliability thanks to the inherent repetition. To further improve the robustness, one group of PDCCH monitoring can be configured as a subset of the other group. Or alternatively, some important search space is not categorized into any group and hence should be always monitored.   
Proposal 9: Alt-1 (implicit indication of group switching) is supported.

4.4 Restriction of common search space set
In the previous meeting, there was a proposal that the grouping can only be done to the UE-specific search space set. We think such restriction is not needed. One use case is to include search space set for DCI format 2_0 in the grouping, in order to support mini-slot level monitoring of GC-PDCCH carrying COT structure outside the COT. For example, gNB can configure two search space sets for DCI format 2_0, one has slot-level monitoring that would be used within the COT, and the other has mini-slot level monitoring that would be used outside the COT. By putting these two search space sets into different groups, the switching between mini-slot and slot-based GC-PDCCH monitoring can be realized. 
Furthermore, as proposed in [1], UE can be configured to monitor only 1 BD for either GC-PDCCH or UE-specific PDCCH (with fall-back format to align the size with GC-PDCCH) at mini-slot level. Then it is gNB’s choice to send either GC-PDCCH carrying COT structure first or scheduling information for data first. The limit of BD/CCE per slot can still be maintained even if such monitoring occurs every two symbols.  
Proposal 10: Grouping can also be applied to group-common search space set including the case for DCI format 2_0.

4.5 Relation to DRX 
Once search space set group is configured, UE should also be configured with a default (or called fall-back) group that could be used in case of uncertainty. The uncertainty could happen, e.g. if UE has not monitored PDCCH or GC-PDCCH carrying COT structure for a while due to DRX off, or due to UL transmission. In such case, UE may not have information about the updated COT structure, including the COT duration. Therefore, UE cannot decide which group will be switched to. In such case, a pre-configured group should be used. The same would be also applied for the case of inter/intra-frequency measurement gap.
Proposal 11: A fall-back group is configured to the UE which can be used after a gap of no PDCCH monitoring due to DRX off or UL transmission.  



DMRS for PDSCH mapping type B
For NR-U, PDSCH mapping type B with the durations from 2 to 13 is supported. The DMRS mapping position for some PDSCH mapping type B is still open although one for the other PDSCH mapping is specified in Rel-15 or was agreed in NR-U session in RAN1 #98 as follows:
	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
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	[image: ],4,7
	[image: ],4,7

	10
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· 
[bookmark: _Hlk20836298]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



We propose that DMRS position for PDSCH mapping type B of each remaining duration is specified based on the Rel-15 DMRS for PUSCH mapping type B of the corresponding duration. One reason is that Rel-15 DMRS is designed with the policy of DL-UL symmetricity for DMRS, which should be followed by Rel-16. With our proposal, the symmetricity is realized when the mapping starting/duration is aligned between DL and UL. Another reason is that it costs small standardization effort to just reuse the value of Rel-15 PUSCH compared with new design for Rel-16 NR-U PDSCH.

According to our proposal, the Rel-16 PDSCH DMRS position can be specified in TS38.211 as follows:
	

The reference point for  and the position  of the first DM-RS symbol depends on the mapping type:
-	for PDSCH mapping type B: 

-	 is defined relative to the start of the scheduled PDSCH resources

-	 


Table 7.4.1.1.2-3 PDSCH DM-RS positions  for single-symbol DM-RS.
	 in symbols
	
DM-RS positions 

	
	PDSCH mapping type A
	PDSCH mapping type B

	
	dmrs-AdditionalPosition
	dmrs-AdditionalPosition

	
	0
	1
	2
	3
	0
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	2
	3

	2
	-
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	-
	-
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Table 7.4.1.1.2-4: PDSCH DM-RS positions  for double-symbol DM-RS.
	 in symbols
	
DM-RS positions 

	
	PDSCH mapping type A
	PDSCH mapping type B

	
	dmrs-AdditionalPosition
	dmrs-AdditionalPosition

	
	0
	1
	2
	0
	1
	2
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Proposal 12: NR-U DMRS position for PDSCH mapping type B of additionally supported durations (except 9/10) is specified based on the Rel-15 DMRS position for PUSCH mapping type B of the corresponding length.

Regarding the DMRS shift in licensed band, the following agreement was made in the Rel-15 MIMO maintenance session in RAN1 #98:
	Agreement (in Rel-15 MIMO maintenance, RAN1 #98)
The following text proposal for Section 7.4.1.1.2 of TS 38.211 is endorsed. To be included as part of the alignment CR for TS38.211.
<< Start of change>>
For PDSCH mapping Type A single-symbol DM-RS, l1=11 except if all of the following conditions are fulfilled in which casel1=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' andl0=3; and
-     the UE has indicated it is capable of additionalDMRS-DL-Alt. 
<< End of change>>



The NR-U agreement says NR DMRS for PDSCH mapping type B is shifted when it collides with CRS. But the Rel-15 agreement intends NR DMRS for PDSCH mapping type A can be shifted when any LTE-CRS rate-matching pattern is configured, without checking the collision. Then, the two agreements are not consistent. From the perspective of complexity, there is no difference for type A/B to shift the DMRS position based on the CRS. Therefore, the same shifting mechanism should be applied for type A and B.
We propose that NR-U agreement in the last RAN1 meeting is modified to be consistent with Rel-15. That is, Rel-16 DMRS can be shifted when any LTE-CRS rate-matching pattern is configured, without checking the collision. The condition would be as the proposal below:

Proposal 13: If the PDSCH duration  is 10 OFDM symbols for normal cyclic prefix, and if any LTE-CRS rate-matching pattern is configured,  shall be incremented by 1.
CSI-RS transmission and CSI reporting
CSI-RS transmission
In Rel.15 NR, CSI-RS transmission could be periodic, semi-persistent and aperiodic. They should also be supported in NR-U to allow gNB to understand current channels status correctly. However, in NR-U, LBT is basically required before the transmission. Thus, some enhancements are needed to introduce CSI-RS in NR-U. 
Considering the reuse of periodic and semi-persistent CSI-RS in NR, some periodic transmission opportunities of CSI-RS transmission could be lost because gNB could fail because of LBT failure. To avoid this, CSI-RS transmission should have more flexibility. One possibility is to allow gNB to have some possible transmission opportunities in a window and UE blindly detect CSI-RS transmission. It has the issue on measurement when SINR is low and blind detection of CSI-RS is failed. Another issue is UE power consumption. Therefore, instead of blind detection of CSI-RS, we would propose the initially configured timing of CSI-RS is shifted based on a pre-configured rule related to gNB obtained COT structure. Another option is explicit aperiodic CSI-RS transmission request similar to SRS transmission by DCI format 2_3. Since the shift based on pre-configured rules or explicitly requests could provide gNB and UE with the same understanding of CSI-RS timing, there is no need to blindly detect CSI-RS transmission by UEs.
Aperiodic CSI-RS associated with the DCI format scheduling the PUSCH in NR has the scheduling flexibility already. Therefore, to reuse in NR-U can be supported. 
Proposal 14: The timing of CSI-RS should be allowed to shift based on LBT outcome

CSI reporting
CSI reporting could also be periodic, semi-persistent and aperiodic. Therefore, the similar discussion as CSI-RS transmission could basically be applied. In addition, even if an aperiodic CSI-RS is successfully transmitted in gNB COT, the corresponding CSI reporting could be failed due to the interval time needed to prepare the reporting after receiving the CSI-RS transmission. As COT length is limited, the CSI reporting could be scheduled outside of the COT, which corresponds to previously triggered CSI-RS transmission within the COT. In such a case, it could be beneficial to postpone the transmission of the CSI reporting to the next gNB obtained COT similar to HARQ-ACK/NACK discussion. 
Proposal 15: To postpone the aperiodic CSI reporting to the next COT should be supported.

Conclusion
Based on the discussion, we propose following. 
Proposal 1: COT structure in time domain defines which symbols are DL, UL, and Flexible for one or a few slots, similar to Rel-15 Slot Format Indication.
	- all symbols are semi-static flexible in unlicensed option 
Proposal 2: COT duration indication has slot-level granularity in Rel-16.
Proposal 3: COT duration should be able to dynamically update.
Proposal 4: One GC-PDCCH indicates SFI for a few consecutive slots, which contents partially overlapping to improve the robustness.  
Proposal 5: LBT category and gap duration can be indicated in the GC-PDCCH carrying COT structure.  
Proposal 6: UE may assume the presence of a wideband DMRS associated with the CORESET monitored before identifying COT to detect the transmission bursts by the serving gNB for power saving purpose. 
Proposal 7: More than two groups of search space sets should be supported for the configuration.
Proposal 8: Group switching only occurs at the slot boundary.
Proposal 9: Alt-1 (implicit indication of group switching) is supported.
Proposal 10: Grouping can also be applied to group-common search space set including the case for DCI format 2_0.
Proposal 11: A fall-back group is configured to the UE which can be used after a gap of no PDCCH monitoring due to DRX off or UL transmission.  
Proposal 12: NR-U DMRS position for PDSCH mapping type B of additionally supported durations (except 9/10) is specified based on the Rel-15 DMRS position for PUSCH mapping type B of the corresponding length.

Proposal 13: If the PDSCH duration  is 10 OFDM symbols for normal cyclic prefix, and if any LTE-CRS rate-matching pattern is configured,  shall be incremented by 1.
Proposal 14: The timing of CSI-RS should be allowed to shift based on LBT outcome
Proposal 15: To postpone the aperiodic CSI reporting to the next COT should be supported.
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