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[bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
In RAN1#98 meeting [1], following agreements and conclusion were reached.

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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	10
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· 
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)
In RAN1#98bis meeting [2], further agreements were achieved as following. 
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

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.

[bookmark: _Ref129681832]In this contribution, we further discuss PDSCH DMRS and UE processing delay for PDSCH mapping type B with durations other than 2, 4 and 7 symbols in section 2. The signals/channels and procedures for COT identification and COT structure indication in time and frequency domain are discussed in section 3. The detection performance of different candidate initial signals are compared through link level simulation in the appendix.  Finally, the transmission of periodic CSI-RS in unlicensed bands is investigated in section 4.  

[bookmark: OLE_LINK13][bookmark: OLE_LINK36]Enhancement of PDSCH/PDCCH DMRS
DMRS pattern of PDSCH mapping type B
In NR Rel-15, DMRS patterns for PDSCH mapping type B are specified with length of 2, 4 and 7 symbols (6 symbols when only extended CP) are specified. However, DMRS patterns are specified for PUSCH mapping type B with duration from 3 to 14 symbols. From our perspective, these patterns could be reused as well in PDSCH mapping type B. For single-symbol DMRS in PDSCH mapping type B, the table 7.4.1.1.2-3 in section 7 of TS38.211 [3] can be updated as Table 1. The yellow blocks are the new entries and the green blocks were agreed in RAN1#98.  For double-symbol DMRS, it was agreed in RAN1#98 that PDSCH type B durations of 9, 10 symbols will not be optimized for avoiding LTE-CRS collisions. The entries in the 7.4.1.1.2-3 in section 7 of TS38.211 [3] could be updated as Table 2 (yellow blocks). The entry for with  should also be applied to normal CP.

[bookmark: _Ref19124686]Table 1  PDSCH DM-RS positions  for single-symbol DM-RS.
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[bookmark: _Ref19125168]

[bookmark: _Ref19125323]Table 2  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
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Proposal 1: The PDSCH DM-RS position table should be updated as Table 1 and Table 2 for PDSCH mapping type B with duration other than 2, 4 and 7 symbols.  The entry of  can be applied to both normal CP and extended CP. 
UE processing time for PDSCH mapping type B



[bookmark: _Hlk500865557][bookmark: _Hlk508187268]In NR Rel-15, the earliest UL symbols carrying ACK/NACK for a PDSCH is after the end of the last symbol of the PDSCH. NR Rel-15 UE processing capability is the baseline for NR-U Rel-16. When additional DMRS is configured, same processing time as that of PDSCH mapping type A is assumed for PDSCH mapping type B with duration greater than 7. If front-loaded DMRS is configured, fast processing time is expected. In this case, same value of  can be assumed with additional relaxed  following the same rule as NR Rel-15. 
For front-loaded DMRS, 
-	For UE processing capability 1, and 
-	if the number of PDSCH symbols allocated is greater than 7, then d1,1 = 0,
-	if the number of PDSCH symbols allocated is 5, or 6,  then d1,1 = 3
-	if the number of PDSCH symbols allocated is 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, and 
-	if the number of PDSCH symbols allocated is greater than 7, then d1,1 = 0,
-	if the number of PDSCH symbols allocated is 3, 5, or 6, then d1,1 is the number of overlapping symbols of the scheduling PDCCH and the scheduled PDSCH,
Proposal 2: Same processing time as that PDSCH mapping type A should be assumed for PDSCH mapping type B when additional DMRS is configured. 
Proposal 3: For front loaded DMRS, 
-	For UE processing capability 1, and 
-	if the number of PDSCH symbols allocated is greater than 7, then d1,1 = 0,
-	if the number of PDSCH symbols allocated is 5, or 6,  then d1,1 = 3
-	if the number of PDSCH symbols allocated is 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, and 
-	if the number of PDSCH symbols allocated is greater than 7, then d1,1 = 0,
-	if the number of PDSCH symbols allocated is 3, 5, or 6, then d1,1 is the number of overlapping symbols of the scheduling PDCCH and the scheduled PDSCH.

Sequence generation of PDSCH/PDCCH DMRS within a COT 


The current sequence generation of PDSCH and PDCCH DMRS in Rel-15 NR depends on the index of the slot and the symbol where the RS is located. The gNB needs to prepare multiple versions or regenerate it in a short time repeatedly after it is contending for channel access, as it does not know when channel access succeeds. For simplicity, it is also possible to generate PDSCH and PDCCH DMRS independent of symbol and slot number for the whole DL burst. For example, we can always set symbol index  and slot index  in the following equation (1) to 0. In such case, the performance of interference whitening might be compromised.
[image: ]	(1)
Alternatively, the DMRS sequence generation can be enhanced by following mechanism
1) For the DMRS of PDCCH(s) and PDSCH(s) in the first slot of a DL burst, always set slot and symbol number in sequence generation equation (1) to 0.
2) For the PDCCH and PDSCH DMRS(s) in the rest of slot of DL burst, set slot number relative to the start of DL burst.
Once UE correctly decodes the GC-PDCCH and its DMRS, UE can acquire the relative slot number which is used to generate DMRS sequence of other PDCCH and PDSCH in the DL burst. It is also beneficial to transmit additional GC-PDCCHs within a DL burst, in case UE fail to detect at the beginning of DL burst. Considering these UE cannot recover relative slot numbers, the DMRS sequence(s) of GC-PDCCH(s) within the DL burst should also be generated by setting slot and symbol number in equation (1) to 0. The actual slot offset from detected GC-PDCCH to the start of DL burst could be carried in GC-PDCCH, by which UE can recover the relative slot number used to generate DMRS sequences of the following PDCCH(s) and PDSCH(s). 
Proposal 4: The slot and symbol number used to generate DMRS sequence(s) of PDSCH(s) and PDCCH(s) in the 1st slot of a DL burst should be set to 0.  The slot numbers used to generate DMRS sequences of PDSCHs and PDCCHs in the following slots of the DL burst are relative to the slot where DL burst starts.

PDCCH transmission and monitoring in time domain
DL burst identification and PDCCH monitoring switch
In RAN1#98bis, it is agreed that a UE could be configured with at least two groups of search space sets (SS sets) for PDCCH. For example, SS sets group (group #1) is applied when UE do not identify the DL burst. Otherwise, SS sets group (group #2) can be applied. The SS set(s) in group #1 can have more frequent monitoring occasions than those in group #2. However, the number of SS sets in group#1 could be less in order to save power consumption from PDCCH blind detection. When UE expects monitor same SS set both inside and outside of COT, such as Type0/0A/1/2-PDCCH CSS, it can be configured with both SS sets groups. 
According to the agreement in RAN1 Adhoc#1901 meeting [4] , at least DMRS of any [PDCCH or GC-PDCCH] can be used by the UE to detect transmission bursts by the serving gNB.  In order to reduce false detection rate (correspondingly improve miss detection performance), GC-PDCCH at beginning of COT could be detected together with its DMRS if the UE is configured to monitoring GC-PDCCH. The detection performance is evaluated in the Appendix IV, showing that GC-PDCCH with the corresponding DMRS provides more reliable detection than detection DMRS only. When UE identify the end of DL burst or COT from COT structure information, UE could switch back to SS sets group #1. It is not necessary to introduce the 3rd SS sets group for the phase from detection of GC-PDCCH in the middle of slot to the next slot boundary.  UE could assume SS sets group switching always occurs at the closet slot boundary after GC-PDCCH is detected. 
Proposal 5: The UE can be configured to switch between SS sets groups, implicitly indicated based on detection of the GC-PDCCH and the COT structure information (Alt1). Type0/0A/1/2-PDCCH CSS set can be configured with both SS sets groups. No need to introduce 3rd SS sets group. 
In NR Rel-15, gNB can configure UE to monitor DCI format 2-0 only at first 3 symbols in a slot with the minimum periodicity of 1 slot. If gNB is allowed to start DL burst in the middle of a slot and transmit GC-PDCCH at beginning of a DL burst, UE should be configured to monitor DCI format 2-0 more frequently in a slot. For example, the candidate first symbol(s) for PDCCH monitoring for DCI format 2-0 in the slot (monitoringSymbolsWithinSlot) should be increased.  It is beneficial to transmit the GC-PDCCH multiple times within a COT in case UE fails to detect the one at the beginning. Besides, the later DCI Format 2-0 in a COT could also update COT structure in both frequency and time domain, especially when there are multiple DL/UL switch points. After detecting a valid GC-PDCCH, UE can increase the monitoring periodicity of DCI format 2-0. 
It was agreed in RAN1#98[1] that multiple monitoring locations in frequency domain can be configured and each monitoring location is confined within an LBT bandwidth. UE should be configured to monitor GC-PDCCH on each of the monitoring locations before UE acquires the available LBT bandwidth information. After that, UE could monitor GC-PDCCH (for update purpose) in a predefined monitoring location, e.g. the monitoring location with lowest PRB index within the available LBT bandwidth(s). The number of PDCCH candidates for format 2-0 (nrofCandidates-SFI) in SearchSpace configuration can be regarded as the number of PDCCH candidates in one monitoring location.   
Thus, the UE can be configured with 2 Type3-PDCCH common search space set and one for a group. The Type3-PDCCH CSS sets in different SS sets group could have different monitoring periodicity in time domain and monitoring locations in frequency domain. UE could dynamically switch between the 2 Type3-PDCCH CSS sets along with the SS set group switching. 
Proposal 6: The GC-PDCCH monitoring behavior for DL burst identification and COT structure indication should be enhanced from DCI format 2-0 in the following aspects. 
· “monitoringSymbolsWithinSlot”: The candidate first symbol(s) for PDCCH monitoring for DCI format 2-0 in the slot should be increased.
·  “nrofCandidates-SFI”: the number of PDCCH candidates for DCI format 2-0 should be regarded as number of PDCCH candidates within a monitoring location when multiple monitoring location in frequency domain is enabled.
· UE can be configured with 2 Type3-PDCCH search space set for DCI format 2-0 with different monitoring periodicity in time domain and monitoring locations in frequency domain.
   
COT structure indication
Details of COT structure indication in time domain
In RAN1#98bis, it is agreed that COT duration bit-field can be configured in DCI format 2-0 to indicate end-of-COT at least for the purpose of UL transmission LBT category switching in a gNB-acquired COT. The remaining length of COT duration from the starting symbol where GC-PDCCH is transmitted can be carried in the GC-PDCCH. According to TS37.213 [5], maximum channel occupancy time (MCOT) is 10ms.  It corresponds to 560 symbols assuming 60 kHz SCS. At most 10 bits per cell is enough assuming the minimum scheduling granularity in time domain is one symbol. The number of bits per cell can be reduced when smaller SCS is configured.     
Proposal 7: The remaining length of the COT duration from the starting symbol where GC-PDCCH is transmitted can be indicated with the granularity of OFDM symbol. The length of bit field can be adjusted according to the subcarrier spacing.  
UE could also use SFI to determine the end-of-COT if COT duration bit-field is not configured in DCI format 2-0. In NR Rel-15, a slot format index given in DCI format 2-0 corresponds to a slot format combination consisting of a number of consecutive slots.  UE could obtain time span until the end of a COT in the unit of slot according to the number of slot format in a slot format combination. It is beneficial for gNB to transmit GC-PDCCH carrying COT structure indication in the middle of a slot once it acquired channel. The content of GC-DCI should be prepared in advance before LBT if it is expected to be transmitted at the beginning of COT considering the processing delay. The COT structure indication reflects slot format from the slot carrying DCI format 2_0 if UE receives the indication at first 3 symbols in a slot.  The UE could obtain slot format from the 2nd slot when COT structure is received in the middle of a slot. A default slot format could be assumed in the partial starting slot prior to 2nd slot, such as all DL. An example is illustrated in Figure 1.
  [image: ]
[bookmark: _Ref23414932]Figure 1 	COT structure indication at beginning of COT
Proposal 8: When COT duration bit field is not configured in DCI format 2-0, UE could determine the remaining length of COT duration (in the unit of slot) from number of slot formats in a slot format combination.  The slot format indicator is valid from the slot carrying DCI format 2_0 when it is received at slot boundary. UE could obtain slot formats from 2nd slot in the COT when it is received in the middle of COT.
In NR-U, the last slot of a COT may be a partial slot. If paused COT is supported, some of symbols/slots in the middle of a slot format combination should also be excluded. Thus, a new state “Out of COT” should be introduced in slot format indicating the corresponding symbol is not in the COT calculation.  An example is given in Figure 2. A SlotFormatCombinationId is given to a slot format combination consists of 3 slot format. The 1st slot format includes all “D” symbols corresponding to format 0 in Table 11.1.1-1 in TS38.213 [6]. The 2nd slot format should be [DDDOOOOOOOUUUU]. The 3rd slot format should be [UUUUUUUUOOOOO]. The state of “O” represents “Out of COT”. 
[image: ]
[bookmark: _Ref20404170]Figure 2  indication of COT duration
In NR Rel-15, only 3 states for OFDM symbols are included, i.e. ‘D’ for DL reception for UE, ‘U’ for UL transmission for UE, ‘F’ for flexible. All of 3 states indicated by SFI has to follow pre-defined UE behavior to solve the conflict configuration between semi-static configured resource and dynamic indicated resource by SFI. The UE behavior for “Out of COT” is given by Table 3. 
[bookmark: _Ref20404823][bookmark: _Ref20408446]Table 3 UE behavior for semi-static configuration and dynamic configuration.
(√: follows dynamic configuration by SFI, X: follows semi-static configuration)
	
	Semi-static configured

	
	D
	U
	F

	Dynamically configured by DCI format 2_0
	D
	√
	X
	√

	
	U
	X
	√
	√

	
	F
	X
	X
	√

	
	O1
	√
	√ 
	√

	
	O2
	X
	X
	X


According to Table 3, if a resource is semi-statically configured as Downlink or Uplink, all existing symbol state (i.e. ‘D’, ‘U’, and ‘F’) indicating by DCI format 2_0 cannot override the semi-static configured resource. As a results, UEs have to follows semi-static configurations, once symbol states are configured by ‘D’ or ‘U’.  However, when the symbols configured with “Out of COT” are in the middle of time span of a slot format combination (named as “O1”, corresponding to paused COT), UE does not expect to receive nor transmit in the set of symbols of the slot, even if the set of symbols have been configured as ‘D’ or ‘U’ by RRC signaling. On the contrary, when consecutive symbols from the end of the last slot format of a slot format combination is configured with “Out of COT” (named as “O2”, corresponding to the end of COT), UE can receive or transmit following the semi-static configurations. 
Proposal 9: NR-U should support indicating “Out of COT” state in slot format to indicate either “paused COT” or “end of COT”. UE behavior corresponding to “Out of COT” is defined in Table 3.
When UE receives both COT duration bit-field an SFI, UE will expect time span indicated by SFI is not longer than that indicated by COT duration bit field. UE could assume “Flexible” for symbols in the time span indicated by COT duration bit field but not indicated by SFI.
Proposal 10: UE do not expect time span indicated by SFI is longer than that indicated by COT duration field.	
COT structure indication in frequency domain
In RAN1#98, it is agreed to introduce a bitmap in GC-PDCCH DCI to indicate the available LBT bandwidth within a BWP or across multiple serving cells. As well as a sequence of slot format indicators in DCI format 2-0, a sequence of LBT bandwidth indicators (bitmaps) can be introduced. An example of DCI format for COT indication can be expressed as following.
-	Slot format indicator 1, Slot format indicator 2, …, Slot format indicator N.
-    LBT bandwidth indicator 1, LBT bandwidth indicator 2, … LBT bandwidth indicator N,
Each of LBT bandwidth indicator in the sequence corresponds to the available LBT bandwidth for a serving cell. In the RRC signaling of SlotFormatCombinationPerCell, a new parameter of positionInDCI-LBW should be introduced which indicates a location of the LBT bandwidth indicator for this serving cell (servingCellId) in DCI. The bit-width of a LBT bandwidth indicator can configured as the maximum number of LBT bandwidth in a serving cell. 
gNB can transmit GC-PDCCH at beginning of a COT (pre-indication) and/or in pre-defined GC-PDCCH monitoring occasion(s) within a COT (post-indication). If gNB cannot update GC-DCI at beginning of a COT immediately after LBT, a predefined value (such as “0”) can be configured in advance which informs UE the BW indication will be provided later and UE is expected to receive the current DL burst(s) in all LBT bandwidths. gNB could update BW indication within the COT. gNB could also indicate how long the current BW indication is valid. Thus, UE is going to detect another BW indication.  If UE do not receive GC-PDCCH or is not configured to receive GC-PDCCH, UE is expected to receive DL burst(s) in all LBT bandwidths.  
[image: ]
Figure 4 time domain validity of LBW indication
[bookmark: OLE_LINK9]Proposal 11: A sequence of LBT bandwidth indicators should be introduced in DCI format 2-X for COT structure indication. UE acquires LBT bandwidth indicator corresponding to a serving cell from the starting bit given by a new parameter of positionInDCI-LBW in the RRC configuration of SlotFormatCombinationPerCell. The bit-width of a LBT bandwidth indicator is the maximum number of LBT bandwidth in a serving cell. 
Proposal 12: UE is notified to obtain LBT bandwidth indicator for a serving cell later (or the current value is invalid) when all bits in the LBT bandwidth indicator corresponding to LBT bandwidths in an active BWP is “zero”. 
Proposal 13: The valid time period of the LBT bandwidth available for reception (LBW indication) will be given in GC-PDCCH. UE is expected to detect another GC-PDCCH after that time.
Proposal 14: UE is expected to receive on all LBT bandwidths if it does not receive GC-PDCCH carrying valid LBW indication.

Support switching from CAT4 to CAT2 UL LBT





In FeLAA, if the ‘UL duration and offset’ field in CPDCCH configures an 'UL offset'  and an 'UL duration'  for subframe , then the scheduled UE may use CAT2 LBT for the transmissions in subframes where , irrespective of the channel access Type signalled in the UL grant for those subframes, if the end of UE transmission occurs in or before subframe . Similarly, for a UE configured for AUL transmission, and thus use CAT4 LBT by default, the UE may use CAT2 LBT for transmitting the AUL transmissions within the 'UL duration' subframes given that a flag is set in the CPDCCH to enable sharing of the DL COT to AUL.
Such an ability to switch the UL LBT type based on a group common indication facilitates DL-to-UL COT sharing and thus leads to improved UL channel access opportunities, latency  and resource utilization. It can be observed that a similar behaviour can be achieved in NR-U using the COT structure indication in GC-PDCCH wherein a number of DL slots resembles an ‘UL offset’ and a number of subsequent contiguous UL slots resembles a ‘UL duration’. The mechanism can be applied to both scheduled and CG UL transmissions.
Proposal 15: Switching the UL LBT type from CAT4 to CAT2 based on COT structure indication should be supported for both scheduled and CG UL transmissions in NR-U.

COT structure indication for FBE
According to the WID for NR-U, Frame Based Equipment (FBE) specifications in Rel-16 NR-U are intended for environments where the absence of Wi-Fi is guaranteed (e.g., by level of regulations, private premises policies, etc.). The targeted scenario is further limited to a single NR-U network (i.e. single operator) in the operating band and geographic area. 
As per the ETSI regulations [5], the FBE transmit/receive structure has a periodic timing with a periodicity equal to a Fixed Frame Period (FFP) between 1 and 10 ms. An FBE-based transmission can start only at the beginning of the FFP immediately following a successful CAT2 LBT of at least 9μs, while the COT cannot be greater than 95% of the FFP and has to be followed by an Idle Period. Therefore, as discussed in further details in our companion contribution [7], gNB acquires the channel and initiates the DL CO as an initiating device whereas the UEs are scheduled/configured to transmit their UL transmissions within the gNB-initiated CO as response device. UE do not require to monitor PDCCH for the whole fixed frame period, if COT indication at the frame boundary is not detected. It can be observed that no FBE-specific information or modification to the indication mechanism is required for either FBE-based transmission schemes or a combination thereof.       
Observation 1: For indicating the COT structure in NR-U, no FBE-specific information is required.
Periodic CSI-RS transmission
In NR, CSI-RS is used for CSI acquisition and beam management, and both periodic and aperiodic configurations are supported. In NR-U, since LBT procedure is required for all DL/UL transmissions and hence periodic CSI-RS transmission cannot be guaranteed. However, based on our understanding, it shall also be supported in NR-U. Two main reasons are elaborated as follows.
1. Signaling overhead reduction: For periodic CSI-RS transmission, the corresponding periodicity/offset, and transmission time/frequency allocation configurations are indicated by RRC signaling. Hence, 1 or limited bits are required to be carried by DCI to trigger such transmission. While for aperiodic CSI-RS transmission, more signaling bits are required for transmission resource indication. 
2. Power consumption reduction: For a UE configured with periodic CSI-RS, it may not need to periodically monitoring COT indication. Instead, it only measures CSI-RS at the pre-configuration time/frequency location. On the other hand, for a UE that configured with aperiodic CSI-RS, it shall continuing monitoring trigger DCI at every one/multiple slot(s) within current COT to ensure that the aperiodic CSI-RS is successfully detected.
When period CSI-RS is configured, it could be transmitted even if configured transmission occasion falls outside of COT. More precisely, gNB shall also perform LBT prior to the pre-configured CSI-RS occasion in case there is no DL data to transmit. Since the actual transmission state of periodic CSI-RS depends on dynamic LBT results, gNB will send notification after CSI-RS transmission occasion(s) with regard to transmission state(s) of one or multiple periodic CSI-RS, and measurement results at UE side could be updated accordingly.
To mitigate LBT impact on CSI-RS transmission, introducing more CSI-RS transmission opportunities and/or CSI-RS transmission state indication could be considered as potential enhancement to unlicensed operation. As illustrated in Figure 5, in case A, all three configured CSI-RS is not allowed to be transmitted due to LBT failure. In case B, the gNB may transmit a CSI-RS replacement triggered by PDCCH until the next pre-configured CSI-RS TO when the transmission fails at the current TO. Once the UE receives the CSI-RS replacement, it knows that the previous CSI-RS is missing due to LBT. In addition, the gNB could only indicate the transmission state of previous CSI-RS, as shown in case C, to the UE via PDCCH.
[image: ]
[bookmark: _Ref15248866][bookmark: OLE_LINK43][bookmark: OLE_LINK42][bookmark: _Ref528258388]Figure 5 NR-U CSI-RS transmission schemes

Observation 2: Periodic CSI-RS transmission shall be supported in NR-U.
Proposal 16: gNB shall also attempt to transmit periodic CSI-RS that fall outside of COT.
[bookmark: OLE_LINK63][bookmark: OLE_LINK48][bookmark: OLE_LINK170]Proposal 17: gNB could transmit a CSI-RS replacement triggered by PDCCH or indicate transmission state of CSI-RS to UE, which falls outside of configured CSI-RS transmission occasion.

[bookmark: _Ref124589665][bookmark: _Ref71620620][bookmark: _Ref124671424]Conclusions
In this contribution, we mainly discuss enhancement to PDSCH mapping type B, PDCCH transmission and monitoring in time domain, CORESET configuration in wideband operation, and CSI-RS transmission enhancement in unlicensed band. Considerations on the initial signal design and indication of COT structure are also presented. Based on the discussion, we have made the following observations and proposals:

PDSCH
Proposal 1: The PDSCH DM-RS position table should be updated as Table 1 and Table 2 for PDSCH mapping type B with duration other than 2, 4 and 7 symbols.  The entry of  can be applied to both normal CP and extended CP. 
Proposal 2: Same processing time as that PDSCH mapping type A should be assumed for PDSCH mapping type B when additional DMRS is configured. 
Proposal 3: For front loaded DMRS, 
-	For UE processing capability 1, and 
-	if the number of PDSCH symbols allocated is greater than 7, then d1,1 = 0,
-	if the number of PDSCH symbols allocated is 5, or 6,  then d1,1 = 3
-	if the number of PDSCH symbols allocated is 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, and 
-	if the number of PDSCH symbols allocated is greater than 7, then d1,1 = 0,
-	if the number of PDSCH symbols allocated is 3, 5, or 6, then d1,1 is the number of overlapping symbols of the scheduling PDCCH and the scheduled PDSCH.
Proposal 4: The slot and symbol number used to generate DMRS sequence(s) of PDSCH(s) and PDCCH(s) in the 1st slot of a DL burst should be set to 0.  The slot numbers used to generate DMRS sequences of PDSCHs and PDCCHs in the following slots of the DL burst are relative to the slot where DL burst starts.

PDCCH
Proposal 5: The UE can be configured to switch between SS sets groups, implicitly indicated based on detection of the GC-PDCCH and the COT structure information (Alt1). Type0/0A/1/2-PDCCH CSS set can be configured with both SS sets groups. No need to introduce 3rd SS sets group. 
Proposal 6: The GC-PDCCH monitoring behavior for DL burst identification and COT structure indication should be enhanced from DCI format 2-0 in the following aspects. 
· “monitoringSymbolsWithinSlot”: The candidate first symbol(s) for PDCCH monitoring for DCI format 2-0 in the slot should be increased.
·  “nrofCandidates-SFI”: the number of PDCCH candidates for DCI format 2-0 should be regarded as number of PDCCH candidates within a monitoring location when multiple monitoring location in frequency domain is enabled.
· UE can be configured with 2 Type3-PDCCH search space set for DCI format 2-0 with different monitoring periodicity in time domain and monitoring locations in frequency domain.
Proposal 7: The remaining length of the COT duration from the starting symbol where GC-PDCCH is transmitted can be indicated with the granularity of OFDM symbol. The length of bit field can be adjusted according to the subcarrier spacing.  
Proposal 8: When COT duration bit field is not configured in DCI format 2-0, UE could determine the remaining length of COT duration (in the unit of slot) from number of slot formats in a slot format combination.  The slot format indicator is valid from the slot carrying DCI format 2_0 when it is received at slot boundary. UE could obtain slot formats from 2nd slot in the COT when it is received in the middle of COT.
Proposal 9: NR-U should support indicating “Out of COT” state in slot format to indicate either “paused COT” or “end of COT”. UE behavior corresponding to “Out of COT” is defined in Table 3.
Proposal 10: UE do not expect time span indicated by SFI is longer than that indicated by COT duration field.	
Proposal 11: A sequence of LBT bandwidth indicators should be introduced in DCI format 2-X for COT structure indication. UE acquires LBT bandwidth indicator corresponding to a serving cell from the starting bit given by a new parameter of positionInDCI-LBW in the RRC configuration of SlotFormatCombinationPerCell. The bit-width of a LBT bandwidth indicator is the maximum number of LBT bandwidth in a serving cell. 
Proposal 12: UE is notified to obtain LBT bandwidth indicator for a serving cell later (or the current value is invalid) when all bits in the LBT bandwidth indicator corresponding to LBT bandwidths in an active BWP is “zero”. 
Proposal 13: The valid time period of the LBT bandwidth available for reception (LBW indication) will be given in GC-PDCCH. UE is expected to detect another GC-PDCCH after that time.
Proposal 14: UE is expected to receive on all LBT bandwidths if it does not receive GC-PDCCH carrying valid LBW indication.
Proposal 15: Switching the UL LBT type from CAT4 to CAT2 based on COT structure indication should be supported for both scheduled and CG UL transmissions in NR-U.
Observation 1: For indicating the COT structure in NR-U, no FBE-specific information is required.
CSI-RS
Observation 2: Periodic CSI-RS transmission shall be supported in NR-U.
Proposal 16: gNB shall also attempt to transmit periodic CSI-RS that fall outside of COT.
Proposal 17: gNB could transmit a CSI-RS replacement triggered by PDCCH or indicate transmission state of CSI-RS to UE, which falls outside of configured CSI-RS transmission occasion.
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Appendix: Performance evaluation of initial signal candidates
NR-U is expected to have multiple mini-slot/symbol-level starting points to allow prompt access into channels. One issue arising along with the flexible starting point of DL/UL transmission is how to identify the start of DL/UL burst. In DL, unnecessary PDCCH blind-decoding could be avoided by introducing an ‘initial signal’ since blind-decoding imposes high requirement of UE capability and significantly decreases battery life of the device. 
Wideband PDCCH DMRS could be a potential candidate as initial signal. An alternative approach is through detection of group-common PDCCH. 802.11a preamble is also identified as a candidate for initial signal which also facilitates co-existence between NR-U and WiFi devices. 
In the following, details of each candidate for evaluation will be provided. As initial signal is only detected by the UE that already connected the serving cell, synchronization is assumed before the initial signal detection.  
A-I NR PDCCH DMRS
As shown in Figure A-1, RE density of PDCCH DMRS is 3 RE/RB and it spreads across configured CORESET CCE(s). The configured symbols of PDCCH DMRS within each slot could be 1-3 symbols.
[bookmark: _GoBack]The current sequence generation of DMRS in Rel-15 NR depends on the index of the slot and the symbol where the RS is located. gNB needs to prepare multiple versions of the identification signal or regenerate it in a short time repeatedly after it is contending for channel access, as it does not know when channel access succeeds. In our evaluation, we assume sequence generation of PDCCH DMRS is time independent.
A-II NR 802.11a preamble
 802.11a preamble can be considered as a legacy preamble that is appended to all PHY frames for the purpose of backward compatibility. In our investigation, both Non-HT Short Training Field (L-STF) and Non-HT Long Training Field (L-LTF) are employed for DL burst identification, which are shown as follows. Since both sequences will be repeated twice in time domain, then L-STF is mapped to the 1st and 2nd symbol while L-LFT is mapped to the 3rd and 4th symbol within each slot. All sequences are mapped to the center frequency of BWP, as illustrated in Figure A-2, which occupy 52 sub-carriers with 312.5 kHz SCS. 
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[bookmark: _Ref528863127]Figure A-1 Illustration of resource mapping of NR PDCCH DMRS
[bookmark: _Ref528863961][image: ]
Figure A-2 Illustration of 802.11 L-STF/L-LTF
A-III Requirement of detection performance
Reliable identification of serving cell DL burst is very important for NR-U UE to determine whether to start PDCCH monitoring and receiving PDSCH in the following COT. In Figure A-3, we provide system level evaluation in indoor scenario to show the impact on the DL mean UPT assuming different detection performance of initial signal. We observed that 1% miss detection rate can achieve almost all the UPT. Further decreasing miss detection rate of initial signal has marginal gain. Moreover, if the detection sensitivity of the initial signal increases above -76 dBm, UPT will drop dramatically because UE cannot receive initial signal with high probability and will stop decoding the PDCCH and PDSCH. 
[image: cid:image004.png@01D49C7E.6D6142D0]
[bookmark: _Ref535013689]Figure A-3 impact of initial signal detection on the UPT indoor scenario
A-IV Performance evaluation of candidates for initial signal 
As illustrated in Figure A-4, although 802.11a preamble occupies 4 symbols, detection performance of 802.11a preamble is the worst. This is because L-LTF and L-STF should work together with L-SIG field that modulated with BPSK ½ BCC, which is the bottle neck of the preamble detection [3]. Moreover, L-STF and L-LTF requires different numerology (with 312.5 kHz SCS), which may impose additional requirement on hardware implementation.
Detection performance of PDCCH DMRS is better than that of 802.11a preamble. According to agreements of UE power saving AI, the false alarm rate of 1% is agreed as baseline for evaluation of power saving signal/channel for wake-up purpose. In our investigation, detection performance of PDCCH DMRS with 0.1% false alarm rate is also provided. It is observed that miss detection performance with higher false alarm rate outperforms that with lower false alarm rate. However, higher false alarm rate leads to more power consumption at UE side. Due to limited sequence length, there is a considerable gap between the performance of PDCCH DMRS and that of group-common DCI with lower payload size (e.g. 20 bits) when SNR is above -5 dB for both 30 kHz SCS and 60 kHz SCS cases. The performance gap becomes larger with higher SNR. Furthermore, additional SFI could be carried by group-common DCI, which could also facilitates UE’s further DL reception.
Detection performance of group common DCI mainly depends on DCI payload size and SCS. With the same aggregation level, smaller DCI payload size corresponds to lower coding rate and hence results in better miss detection performance. While with the same DCI configuration, detection performance of group common DCI with 30 kHz SCS is better than that with 60 kHz SCS due to larger DMRS sequence length and better channel estimation performance. To summarize, detection performance of group-common DCI depends on its numerology, aggregation level and DCI payload size.
  [image: ]
[bookmark: _Ref528224508]Figure A-4. Detection performance of group common DCI, PDCCH DMRS and 802.11a preamble 
A-V: system level simulation assumptions
	Parameters
	Indoor Sub-7GHz

	Layout for nodes
	Layout dimensions: 120mx80m
[image: ]
a=20 meters, b=40 meters, c=20 meters, and d=40 meters

	Carrier Frequency
	5GHz

	Carrier Channel Bandwidth
	20MHz baseline

	Number of carriers
	1

	Number of users per operator
	Exactly 5 per gNB per 20MHz

	SCS
	30KHz and 60KHz

	Channel Model
	NR InH Mixed Office model

	BS/AP Tx Power
	23dBm (total across all TX antennas)

	UE/STA Tx Power
	18dBm (total across all TX antennas)

	BS/AP Antenna gain
	0 dBi   

	UE/STA Antenna gain
	0 dBi

	BS/AP Noise Figure
	5dB

	UE/STA Receiver Noise Figure
	9dB

	Minimum received power from serving cell for UE dropping
	-82dBm

	CCA-ED
	-72dBm for NRU

	UE receiver
	MMSE-IRC 

	TXOP 
	8ms for NRU

	MCS
	NR MCS with 256QAM  (LDPC)

	MIMO
	TM9 with one layer

	UE Processing Time Capability
	#2

	Link adaptation
	CQI feedback + OLLA

	Scheduling
	Proportional Fairness

	BS/AP antenna Array configuration
	(M, N, P, Mg, Ng)  = (1, 2, 2, 1, 1), dH = dV = 0.5 λ

	UE/STA antenna Array configuration
	Tx/Rx: (M, N, P, Mg, Ng) = (1, 1, 2, 1, 1), dH = dV = 0.5 λ

	Traffic model
	DL only

	UE/STA to UE/STA link pathloss model
	Directly use InH office pathloss model with proper d_3D with indoor mixed office LOS probability

	gNB to gNB link pathloss model
	Directly use InH office pathloss model with proper d_3D with indoor mixed office LOS probability



A-VI: link level simulation assumptions

	System bandwidth
	51 RBs (30 kHz SCS)
24 RBs (60 kHz SCS)

	Numerology
	30/60 kHz SCS

	Channel
	TDL-C

	Channel delay
	100 ns

	Number of Antennas
	Tx@ gNB =1 
Rx@ UE =2

	
	0	

	Probability of false alarm
	0.1% , 1%

	UE moving speed 
	3 km/h

	Channel estimation method
	MMSE



image2.wmf
0

l


oleObject85.bin

image9.wmf
1,1

d


oleObject86.bin

image10.wmf
l


oleObject87.bin

image11.wmf
s,f

n

m


oleObject88.bin

image12.wmf
(

)

(

)

(

)

1731

inits,fIDID

2141212mod2

cnlNN

m

=++++


image13.emf
 

SFI#1

Slot #1 Slot #2 Slot #3 Slot #4

SFI#2 SFI#3 SFI#4

SFI#0 SFI#2 SFI#3 SFI#4

{SFI#1, SFI#2, SFI#3, SFI#4}

{SFI#1, SFI#2, SFI#3, SFI#4}


image14.emf
 

slot slot slot

Pause=O1 Partial ending

Downlink Uplink Out of COT

COT

O2


oleObject2.bin

image15.emf
 

DL DL DL UL DL DL DL

BW1 BW2

GC-PDCCH 

with invalid BW value

GC-PDCCH

with valid BW value

“

0

”

BW1


image16.wmf
l


oleObject89.bin

image17.wmf
d


oleObject90.bin

image18.wmf
n


oleObject91.bin

image19.wmf
i

l

n

+

+


oleObject92.bin

image20.wmf
1

-

+

+

d

l

n


oleObject3.bin

oleObject93.bin

image21.png
Case A
Lcsu{s_} Lcsu{s Lcsu{s
To To To
CaseB “ I
JesiRs] csl £S, csl ES,
To
ceet I I I
LcsmsJ csl RS csl RS
To

CSI-RS
transmission
failure due to
LBT

Replacement
of previous
failed CSI-RS




image22.png
S_26,26=V(13/6) x {0, 0, 14}, 0,0, 0, -1, 0, 0, 0, 14}, 0, 0, 0, -1, 0, 0, 0, -1, 0, 0, 0, 1+j, 0, 0, 0, 0,

0,0,0,-1,0,0,0,-1-,0,0,0, 14}, 0, 0,0, 14}, 0, 0, 0, 14}, 0, 0, 0, 1+j, 0,0}




image23.png
L 26=1{l1,-1,-1,1,1,-1,1,-1,1,1,1,1,1,1,-1,.-1, 1, 1,-1,1,-1, 1, 1, 1, 1, 0,

L-1,-1,1,1,-1,1,-1, 1

L1, 1, 1,=1,—1,1,=1,1,-1, 1,1, 1, 1}





image24.emf
 

...

14 symbols

51

/

24 

RBs

NR PDCCH 

DMRS


image25.png
8+8=16ps

€
0088w | 2x08+2:32-80 | 08+32=40ps | 08+32=40) 0832404
ST T T
Juus s bude | T T 1/ SIGNAL|GI| Data1 )/GI| Data2
A8 458 TS .
oD > e >«
ignal Detect. ~ Coarse Fred.  Channel and Fine Frequency ~ RATE smcmmm DATA
AGC. Diversity  Offset Estimation e g oo LENGTH

Selection fiming synchronize




image26.png
DL mean UPT(Mbps)

%0
85
£
75
7
—— tgsterror: free
—e—targeteor01% s
——targetemror: 1%
5
—4— trget error 10%
e 50 78 75 X £ E)

Sensitive Threshold(dbm)




image27.png
10°

10"

—&—NR PDCCH polar 10S 48RB 4GHz 30kHz 1T2R TDL-C100ns 8CCE 20bits
—+—NR PDCCH polar 10S 48RB 4GHz 30kHz 1T2R TDL-C100ns 8CCE 40bits
~—#—NRPDCCH polar 10S 48RB 4GHz 30kHz 1T2R TDL-C100ns 8CCE 60bits
——NR PDCCH polar 10S 24RB 4GHz 60kHz 1T2R TDL-C100ns 4CCE 20bits
——NR PDCCH polar 10S 24RB 4GHz 60kHz 1T2R TDL-C100ns 4CCE 40bits
~—®&—NR PDCCH polar 10S 24RB 4GHz 60kHz 1T2R TDL-C100ns 4CCE 60bits
403 F | = = ~Wideband DMRS, SCS=30 kHz, faise alarm prob.=1%

Wideband DMRS, SCS=30 kHz, false alarm prob.=0.1%

Wideband DMRS, SCS=60 kHz, false alarm prob.=1%

‘Wideband DMRS, SCS=60 kHz, false alarm prob.=0.1%

802.11a preamble

BLER
)

SNR




image28.png




oleObject4.bin

image3.wmf
0

l


oleObject5.bin

oleObject6.bin

oleObject7.bin

oleObject8.bin

oleObject9.bin

oleObject10.bin

image4.wmf
0

l


oleObject11.bin

oleObject12.bin

oleObject13.bin

oleObject14.bin

oleObject15.bin

oleObject16.bin

oleObject17.bin

oleObject18.bin

oleObject19.bin

oleObject20.bin

oleObject21.bin

oleObject22.bin

oleObject23.bin

oleObject24.bin

image5.wmf
0

l


image6.wmf
4

,

0

l


oleObject25.bin

oleObject26.bin

oleObject27.bin

oleObject28.bin

oleObject29.bin

oleObject30.bin

oleObject31.bin

oleObject32.bin

oleObject33.bin

oleObject34.bin

oleObject35.bin

oleObject36.bin

oleObject37.bin

oleObject38.bin

oleObject39.bin

oleObject40.bin

oleObject41.bin

oleObject42.bin

oleObject43.bin

oleObject44.bin

oleObject45.bin

oleObject46.bin

oleObject47.bin

oleObject48.bin

oleObject49.bin

oleObject50.bin

oleObject51.bin

oleObject52.bin

oleObject53.bin

oleObject54.bin

oleObject55.bin

oleObject56.bin

oleObject57.bin

oleObject58.bin

oleObject59.bin

oleObject60.bin

oleObject61.bin

oleObject62.bin

oleObject63.bin

oleObject64.bin

oleObject65.bin

oleObject66.bin

image1.wmf
l


oleObject67.bin

oleObject68.bin

oleObject69.bin

oleObject70.bin

oleObject71.bin

oleObject72.bin

oleObject73.bin

oleObject74.bin

oleObject75.bin

oleObject76.bin

oleObject1.bin

oleObject77.bin

oleObject78.bin

oleObject79.bin

oleObject80.bin

oleObject81.bin

oleObject82.bin

oleObject83.bin

image7.wmf
11,1

()

Nd

+


oleObject84.bin

image8.wmf
1

N


