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Introduction
In this contribution, we provide our views for the design of signal/channel for COT structure indication, DL burst detection, dynamic PDCCH monitoring outside and inside COT, PDSCH transmission in partial slot and design of CSI-RS. Compared to previous R1-1907033, the following contents are new:
· Section 2 COT structure indication, proposal 4 is new
· Section 3 DL burst detection is completely new
· [bookmark: _Ref462918989]Section 4 Dynamic PDCCH monitoring is completely new
· Section 5 DMRS for PDSCH mapping type B is completely new
COT structure indication
2.1 Use case of COT indication and COT structure info
Since the answer to what info should be included in the COT structure indication highly depends on the use case of such indication, we discuss following issues together in this section.

Enable resource sharing between gNB and UE
In unlicensed band operation, after acquiring the channel by LBT, the initiating device (e.g. gNB) can occupy the channel up to maximum COT. During the COT, it is beneficial for gNB to share the acquired time-frequency resources with UE. The advantages include:
· To allow flexible resource usage among DL and UL: DL and UL directions can be decided more dynamically based on the traffic dynamics.
· To allow UL transmission without performing LBT in gNB acquired COT or only one shot, Cat-2 LBT
To enable resource sharing, it is necessary for gNB to inform UE which symbols are DL, UL and Flexible by COT structure indication. The definition of the flexible symbol can follow what has been defined in Rel-15 NR slot format. Namely, semi-static transmission is not allowed over flexible symbols but dynamic scheduling can make use of flexible symbols. With the DL/UL direction information indicated to the UE, resource sharing between gNB and UE for the acquired COT is realized. The additional benefit of indicating DL/UL direction for the COT is to allow the control of semi-statically configured/periodic transmission. For example, if UL transmission configured by RRC is occurring within the gNB’s COT, but the configured resources are indicated as DL or flexible by gNB, then UL transmission has to be dropped.  
The COT structure indication is associated with a valid time duration. After that duration, UE will expect receiving another indication. One way is to set the valid time the same as COT duration. However, a better way is to set valid time only for one or a few slots, less than the MCOT. With the shorter valid time, the COT structure can be modified more dynamically to adapt to the traffic demand.
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.

Enable UE to skip RRC configured PDCCH occasions
There has been consensus to support different PDCCH monitoring patterns in time domain within and outside a gNB’s COT, for example, before UE identifies the gNB’s COT, it adopts mini-slot monitoring to facilitate fine channel access granularity. Once UE detects the COT, UE can switch to slot-based monitoring to reduce power consumption and scheduling overhead. 
Basically, there are two ways to enable such dynamic switching between different PDCCH monitoring patterns: trigger-based method or signaling-based method or the combination of both.
· Trigger-based method: Two PDCCH monitoring patterns are preconfigured. Before UE identifies a gNB’s COT, UE uses pattern 1. After UE detects some initial signal at the beginning of the COT (e.g. wideband DM-RS), UE switches to pattern 2 (i.e. the identification of COT triggers another PDCCH monitoring pattern). 
· Signalling-based method: UE is explicitly signalled via COT structure info whether UE should spend or reduce its effort on PDCCH decoding. For example, COT structure info can dynamically indicate some CORESET symbols within a COT are non-DL symbols, such that UE can skip monitoring those symbols.
The advantage of explicit signalling is that within the COT more flexible PDCCH monitoring pattern can be indicated, and it is not limited to one single PDCCH monitoring pattern for the entire COT. Therefore, we suggest that COT structure indication should support such use case.
Furthermore, COT structure indication defining DL/UL/Flexible symbols can be adapted for wideband operation. As detailed in our companion contribution [1], COT structure can have 2-dimensional information including both time and frequency. Based on such information, UE can skip some RRC configured PDCCH monitoring occasions in certain LBT bandwidth as well, in case, e.g. the certain LBT bandwidth has not been acquired by gNB.  
Proposal 2: COT structure indication defining DL, UL and Flexible symbols can be used to dynamically indicate whether to skip some RRC configured PDCCH monitoring occasions. 

2.2 Signalling design of COT structure indication
In Rel-15 NR, a slot format defining DL, UL and Flexible symbols is indicated via group-common PDCCH (DCI format 2_0). It is reasonable for COT structure indication in NR-U to inherit such design as much as possible, because the COT structure indication is to define DL, UL Flexible symbols similarly. Therefore, we propose to use group-common PDCCH for COT structure indication. Compared to DCI format 2_0, additional fields may be added when needed, for example, the frequency domain occupancy field as discussed in [1] Regarding the grouping, UEs which are configured with the same RNTI belong to the same group for group common PDCCH monitoring. Therefore, the network has the flexibility to control the size of the group, which could vary from one single UE to a certain number of UEs. 
Proposal 3: Group-common PDCCH based on SFI-PDCCH is used to indicate COT structure info.
Another aspect to be considered is on how to indicate time structure relative to the GC-PDCCH transmit timing. In Rel-15, DCI format 2_0 indicates the slot format relative to the slot boundary. However, in NR-U, considering the fact that UE needs processing time to decode GC-PDCCH, if GC-PDCCH is sent close to the end of a slot (e.g. symbol#12), it does not make much sense to indicate the COT structure for the current slot. Therefore, we propose
Proposal 4: GC-PDCCH indicates COT structure starting from the next slot if it is sent in later part of the current slot (FFS which symbol).  

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 (i.e. phase A described in the following section). 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. 
On the other hand, if UE monitors all configured PDCCH as Rel-15 before detecting the gNB’s COT, 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. 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 5: Specify the UE behaviour before detecting a gNB’s COT first (aka Phase A PDCCH monitoring behaviour), and then decide on the signal/channel for DL burst detection. 

Dynamic PDCCH monitoring
In NR-U, there has been agreement to support different PDCCH monitoring behaviour in the time domain within and outside COT. But the consensus has not been reached regarding how PDCCH monitoring behaviour would be different and how such adaptation is realized. 
In the previous meeting RAN1#97, the following options were discussed [2]:
· For the BD effort in case the UE has not detected a DL burst (i.e. Phase A), 
· Option 1: No PDCCH monitoring is required by UE
· Option 2: PDCCH is monitored (TBD how much effort)

· For switching BD effort dynamically (in different phases w.r.t a COT), 
· Support a mechanism for the UE to change its PDCCH (incl. GC-PDCCH) monitoring behaviour 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, such as
· before and after the end of the first slot of a detected burst
· before and after the end of the DL burst
· Timer after DCI detection
· End of DL burst
· Timer after DCI detection
· Configuration-based
· Note: monitoring behaviour may include CORESET and search space parameter(s)

In this section, we discuss our view regarding this issue.
Before detecting COT (i.e. Phase A)
Roughly speaking, there are three options being discussed:
Option 1: No PDCCH monitoring is required by UE. UE only relies on sequence based DL burst detection
Option 2: Only GC-PDCCH is monitored by UE, which is expected to carry COT structure information
Option 3: all PDCCHs are monitored according the configuration, as Rel-15  
To compare the above options, option 1 seems against the agreement in RAN1#AH1901 as mentioned in the previous section, which says it should not be mandated a two-step PDCCH decoding process for the UE with respect to DMRS detection. Therefore, in our view, option 1 should be an implementation choice. 
The difference between options 2 and 3 is the number of BD. If we consider the case where UE is configured to perform PDCCH monitoring of 1 symbol for every 2 symbols, for option 2 UE performs 1 BD decoding every 2 symbol (total 7 BDs per slot), while for option 3 the total 36 BD budget is distributed to 7 monitoring occasions per slot. The comparison of the power consumption between options 2 and 3 can be estimated using the developed model in the power saving agenda item, as shown below [3]
	Reference Configuration
	Power State
	Characteristics
	Relative Power 

	Downlink: TDD, FR1, 30 kHz SCS,  1CC, 100 MHz BW, PDCCH region of 2 symbol at beginning of a slot, k0 = 0, max. #CCE = 56, 36 PDCCH blind decoding, PDSCH of max data rate with 256QAM 4x4 MIMO, #RB for TRS = 52, 4RX, Capability 1
Uplink: TDD, FR1, 30 kHz SCS, 1CC, 100MHz BW, 1TX, 2 power levels 0dBm and 23dBm
Power values are averaged over the operations within a slot.
	Deep Sleep
	Time interval for the sleep should be larger than the total transition time entering and leaving this state. Accurate timing may not be maintained.
	1 
(Optional: 0.5)

	
	Light Sleep
	Time interval for the sleep should be larger than the total transition time entering and leaving this state. 
	20

	
	Micro sleep
	Immediate transition is assumed for power saving study purpose from or to a non-sleep state
	45

	
	PDCCH-only
	No PDSCH and same-slot scheduling; this includes time for PDCCH decoding and any micro-sleep within the slot. 
	100

	
	SSB or 
CSI-RS proc.
	SSB can be used for fine time-frequency sync. and RSRP measurement of the serving/camping cell. FFS the power scaling for RRM of neighbor cells . TRS is the considered CSI-RS for sync. FFS the power scaling for processing other configurations of CSI-RS.
	100

	
	PDCCH + PDSCH
	PDCCH + PDSCH. ACK/NACK in long PUCCH is modeled by UL power state. FFS the power scaling for PDSCH-only slot.
	300 

	
	UL
	Long PUCCH or PUSCH. FFS the power scaling for short PUCCH and SRS.
	250 (0 dBm)
700 (23 dBm)



Basically, we can assume the PDCCH-only state power (100 units) is composed of three parts:
· part one is the base power (which is equal to power state of micro sleep, 45 units), 
· part two includes power for buffering, FFT, channel estimation, and filtering/demodulation. This part scales in proportion to the number of PDCCH symbols
· part three is the power consumption for blind decoding itself, which scales in proportion to the number of BDs.
Therefore, considering all three parts, the power consumption of a PDCCH slot can be denoted as
P = Pbase + PperSym*NPDCCH sym + PperBD*NBD
However, to use the above equation to evaluate the options 2 and 3, we need the values of PperSym and PperBD. One possible way is to refer to the SSB power state (100 units), which gives 100-45=55= PperSym *4 + Pdecoding_MIB. Although not accurate, using power state of (PDCCH+PDSCH) gives that Pdecoding_MIB = (300-100)/12*2=33.3.  So PperSym = 5.4. Furthermore, PperBD = 1.2 using the reference configuration of PDCCH-only power state. 
Accordingly, the power consumption of option 2 in the above-mentioned example is
P = 45 + 5.4*7 + 1.2*7 = 91.2
and for option 3
P = 45 + 5.4*7 + 1.2*36 = 126.
With the above calculation, it is clear that option 2 provides roughly 30% power saving gain over option 3. 
Nevertheless, option 2 has the disadvantage of introducing additional scheduling delay, since UE-specific PDCCH cannot be transmitted without first transmitting GC-PDCCH carrying COT indication. To overcome this, we propose to support an enhanced option 2, where UE still performs only one BD at the configured (e.g. mini-slot) occasions but attempts to decode both GC-PDCCH and UE-specific PDCCH (the difference is only the scrambled RNTIs). In order to align the size of GC-PDCCH and UE-specific PDCCH, the fall-back formats can be used for UE-specific PDCCH. One additional benefit of the enhanced option 2 is that, since gNB needs some time to prepare the GC-PDCCH carrying COT structure to reflect the LBT outcome, the gNB can first transmit UE-specific PDCCH and PDSCH at the beginning of the DL burst to some UE and then transmit GC-PDCCH later when it is ready.     
Proposal 6: Before detecting DL burst, UE is required to perform only 1 BD at each PDCCH monitoring occasion. UE decodes both RNTIs for GC-PDCCH carrying COT structure and UE-specific PDCCH in this one BD. 

After detection COT (i.e. Phases B and C)
After COT is identified by the UE, GC-PDCCH carrying COT structure can dynamically indicate UE to skip some PDCCH monitoring occasions by setting those symbols to non-DL symbols. For example, in phase A, UE performs mini-slot PDCCH monitoring, e.g. monitoring search space #0, #1,#2,#3,#4,#5,#6, #7 at symbol #0, #2,#4,#6,#8,#10,#12, respectively. Then after COT is detected, GC-PDCCH indicates all symbols except symbol #0 are flexible. After receiving such information, UE would only monitor SS#0 at symbol #0, which means UE switches to slot-based scheduling. 
With such mechanism, there is no need to distinguish between Phase B (i.e. from detecting the COT to the first slot boundary) and Phase C (i.e. from first slot boundary to end of the COT). UE simply follows the explicit indication to change the PDCCH monitoring behaviour. 
Proposal 7: During Phases B and C, UE performs full BDs over all configured PDCCH occasions, unless COT structure indicates some occasions can be skipped. 
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 these PDSCH mapping type B is not specified in Rel-15 except for the durations 2, 4, 6 and 7.
We propose that DMRS position for PDSCH mapping type B of each additionally supported 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. As proposed in the companion contribution for TEI16 [4], the DMRS mapping for the PDSCH mapping type B of the duration 9 and 10 with DMRS shift is combined:
	

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
	1
	2
	3

	2
	-
	-
	-
	-
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	l0’, l3’, l6’

	10
	

	
, 9
	
, 6, 9
	
, 6, 9
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	11
	

	
, 9
	
, 6, 9
	
, 6, 9
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, 9
	
, 6, 9
	
, 5, 8, 11
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, 
	
, 7, 11
	
, 5, 8, 11
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In the table above, ln’ is set to be n. If LTE CRS exists on the symbol l=n, ln’ is incremented until when LTE CRS doesn’t exist on symbol l=ln’.


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

	<4
	
	
	
	-
	-
	

	4
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	-
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In the table above, ln’ is set to be n. If LTE CRS exists on the symbol l=n or l=n+1, ln’ is incremented until when LTE CRS doesn’t exist on symbol l= ln’ or l=ln’+1.



Proposal 8: NR-U DMRS position for PDSCH mapping type B of additionally supported durations is specified based on the Rel-15 DMRS position for PUSCH mapping type B of the corresponding length.

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 9: The timing of CSI-RS should be allowed to shift based on LBT outcome
· Method to avoid UE blind detection of CSI-RS due to the shift should be studied

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 10: To postpone the aperiodic CSI reporting to the next COT could be considered.

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.
Proposal 2: COT structure indication defining DL, UL and Flexible symbols can be used to dynamically indicate whether to skip some RRC configured PDCCH monitoring occasions. 
Proposal 3: Group-common PDCCH based on SFI-PDCCH is used to indicate COT structure info.
Proposal 4: GC-PDCCH indicates COT structure starting from the next slot if it is sent in later part of the current slot (FFS which symbol).  
Proposal 5: Specify the UE behaviour before detecting a gNB’s COT first (aka Phase A PDCCH monitoring behaviour), and then decide on the signal/channel for DL burst detection. 
Proposal 6: Before detecting DL burst, UE is required to perform only 1 BD at each PDCCH monitoring occasion. UE decodes both RNTIs for GC-PDCCH carrying COT structure and UE-specific PDCCH in this one BD. 
Proposal 7: During Phases B and C, UE performs full BDs over all configured PDCCH occasions, unless COT structure indicates some occasions can be skipped. 
Proposal 8: NR-U DMRS position for PDSCH mapping type B of additionally supported durations is specified based on the Rel-15 DMRS position for PUSCH mapping type B of the corresponding length.
Proposal 9: The timing of CSI-RS should be allowed to shift based on LBT outcome
· Method to avoid UE blind detection of CSI-RS due to the shift should be studied
Proposal 10: To postpone the aperiodic CSI reporting to the next COT could be considered.
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