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1. Introduction
According to WID on NR-based access to unlicensed spectrum [1], the following parts should be specified:
-	Physical layer procedure(s) including [RAN1, RAN2]:
- 	Initial access: specify required NR modifications to increase the maximum number of candidate SS/PBCH block positions within the DRS transmission window; to handle reduced SS/PBCH block and RMSI transmission opportunities due to LBT failure; to determine frame timing and QCL assumptions from the detected SS/PBCH block; single SS/PBCH block numerology assumed per band for Pcells in unlicensed spectrum. (RAN1)
- 	Random access: specify required NR modifications to enhance RACH procedure in line with the agreements during the study phase, including 4-step RACH modifications to handle reduced Msg 1/2/3/4 transmission opportunities due to LBT failure (RAN1/RAN2); LBT for 2-step RACH and application of PRACH and PUSCH format improvements for NR-U to 2-step RACH. (RAN1)
In RAN1#96 and RAN1#96bis, the following agreements are made:
Agreement:
· At least the functionalities of Rel-13 LTE-LAA RSSI and channel occupancy reporting as a baseline should be supported
· FFS: 
· Enhanced RSSI metrics, for e.g., sub-band-level interference measurements in a wideband operation scenario
· Reporting of a new medium contention/load metric other than channel occupancy
· Any modification of the parameters of the Rel-15 SMTC for operation in unlicensed spectrum
Agreement:
· For a given cell, UE may assume SS/PBCH blocks in the same candidate position within the DRS transmission window are QCL across DRS transmission windows
· Alt1: The PBCH DMRS sequence index is also the same
· Alt2: The PBCH DMRS sequence index may be different
· Note: The first candidate position of the DRS transmission window is located at the first half slot of a half frame
· FFS: QCL assumption for SSBs in different candidate positions within a DRS transmission window and across DRS transmission windows
Agreement:
· An RLM measurement window for serving cell RLM measurements based on SSBs in the DRS is supported for in-sync and out-of-sync evaluations.
· FFS: How RLM measurement window is indicated or determined and relation to DRS transmission window
· FFS: Whether or not an SSB can fall outside the measurement window and, if so, whether it can be used for in-sync and out-of-sync evaluations.
· FFS: Any relationship of RLM measurements based on CSI-RS to the measurement window.
· FFS: Mechanism to handle missing RLM-RS due to LBT failure
Agreement:
The maximum DRS transmission window duration is 5 ms.
· The maximum number of candidate SSB positions within a DRS transmission window, Y, is selected as Y = 10 for 15 kHz SCS and Y = 20 for 30 kHz SCS.
· Note: The number of starting points for DRS transmissions with the 5 ms window that can use a Cat. 2 LBT is to be discussed further as part of channel access discussions.
· FFS: If the DRS transmission window is configurable, and if yes, how to configure and indicate the window, including the range of configurable values.
Agreement: 
For a given cell, the UE may assume that the PBCH DMRS sequence index is the same for SS/PBCH blocks that are transmitted at the same candidate positions across DRS transmission windows.
Agreement:
UE determines serving cell timing from the detected SSB candidate position, where the SSB candidate positions within the DRS transmission window are indexed from 0,…,Y-1 (Y = 10 for 15 kHz SCS and Y = 20 for 30 kHz SCS).

In this paper, the enhancements to initial access related procedure are discussed based on WID guidance and the above agreements in the following sections.
2. [bookmark: _Ref498564494]Discussion
1. 
2. 
[bookmark: _Hlk521582650]DRS transmission and detection
[bookmark: _Ref521492551]As discussed in our accompany paper [2], DRS will include one or more DRS unit comprising of at least one SSB and RMSI-CORESET+PDSCH. The DRS related procedures for initial access could be divided into the following steps:
· DRS transmission (gNB side)
· SSB detection (UE side)
· RMSI reception (UE side)
  DRS transmission
Before DRS transmission, gNB needs to determine to use 7-symbol or 14-symbol DRS units as described in [2] based on the needed size of RMSI from higher layer. For example, gNB will select 7-symbol DRS unit if it is enough to carry the RMSI size. To handle reduced SS/PBCH block and RMSI transmission opportunities due to LBT failure, gNB could shift the DRS transmission within configured DRS transmission window and the shifting granularity is length of selected DRS unit (7 or 14 symbols). One example is shown in Figure 1 for 7-symbol DRS unit case.
[bookmark: PP2]Proposal 1: For NRU, gNB could shift the DRS transmission within configured DRS transmission window and the shifting granularity is length of selected DRS unit (7 or 14 symbols) implicitly carried by number of Type 0 PDCCH search space per slot.
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[bookmark: _Ref534272702]Figure 1		Example for DRS transmission (7-symbol DRS unit)
  SSB detection for timing and QCL
For NRU, initial access UEs will try to detect PSS/SSS in the SSB by searching the band. Once it detects PSS/SSS, UE will start to decode the PBCH in SSB to obtain PBCH DM-RS ID d and PBCH payload. In NR Rel15, UE will derive the timing from PBCH DM-RS ID (3bits) only for FR1 and from both PBCH DM-RS ID (3bits) and PBCH payload (3bits) for FR2. For NRU Rel16, it is already agreed that the candidate positions for SSB transmissions should be extended for FR1 (e.g. 5GHz) to enhance DRS transmission opportunities. However, NR Rel15 PBCH DM-RS (3bits) is not enough to carry the SSB time position index for this extension. Thus, there are the following 3 options to achieve this:
· Option 1: PBCH DM-RS ID and PBCH payload
· Option 2: Extension of PBCH DM-RS ID (e.g. 5 bits)
· Option 3: PBCH DM-RS ID (3 bits) and SSS cyclic shifts (2 bits)
Besides timing, another important parameter is the maximum transmitted QCL beams q, which will also impact how to derive timing for option 1. Then there are different sub-options with different interpretation of PBCH DM-RS ID d and PBCH payload information p.
· Option 1a: 3 LSBs of SSB time position index carried by PBCH DM-RS ID and 2 MSBs of SSB time position index carried by PBCH payload (similar with FR2 method)
· Option 1b: Maximum value of transmitted PBCH DM-RS ID denoted by f(q) depends on configured maximum transmitted QCL beams q.
· Option 1b-1: f(1,2,4,8)=8, f(3,6)=6, f(5)=5, f(7)=7
· Option 1b-2: f(q)=q
· Option 1c: Timing offset in an SSB set carried by PBCH DM RS ID (3 bits) and shifting offset of the SSB set carried by PBCH payload.
As proposed above, DRS unit could be configurable between 7-symbol and 14-symbol one which could be implicitly carried by the number of search space per slot denoted by n, i.e. 7-symbol when n =2 and 14-symbol when n =1. Examples for 7-symbol and 14-symbol DRS unit are given in  Figure 1 and Figure 2 respectively.  For 14-symbol DRS unit, two SSBs included in one unit is better to have the same QCL assumption so that they could be repeated to improve PBCH decoding performance, i.e. the UEs could combine the PBCH in the same slot with the same payload.
[bookmark: PP3]Proposal 2: The two SSBs in the same slot are configured with the same QCL beam index when 14-symbol DRS unit is used, i.e. QCL assumption is related with number of Type 0 PDCCH search space in one slot.
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[bookmark: _Ref534536177]Figure 2		Example for DRS transmission (14-symbol DRS unit)
Then, the above options could be summarized in the following table:
	
	Option 1a
	Option 1b-1
	Option 1b-2
	Option 1c
	Option 2
	Option 3

	DM-RS d
	3 bits
	3 bits 
	3 bits 
	3 bits
	5 bits
	3+2 (SSS)

	PBCH time p
	2 bits
	2 bits 
	5 bits 
	5 bits 
	0 bit
	0 bit

	QCL q
	3 bits
	3 bits 
	3 bits
	3 bits 
	3 bit
	3 bit

	No. SS per slot  n
	1 or 2
	1 or 2
	1 or 2
	1 or 2
	1 or 2
	1 or 2

	SSB Time index St
	p*8+d
	p*f(q)+d
	p*q+d
	p+d
	d
	d

	QCL beam index Qb
	mod (floor(St*n/2), q)  or 
mod (floor(d*n/2), q) if q is limited to (1, 2, 4, 8)
	mod (floor(d*n/2), q)
	floor(d*n/2)
	floor(d*n/2)
	mod (floor(d*n/2), q)
	mod (floor(d*n/2), q)


Note: Y=20 is assumed for counting number of needed bits for d and p, i.e. the number of SSB time position indexes is 20.
From the above table, different options are compared in the following different aspects:
· Additional PBCH payload size: Option 1b-2=Option 1c>>Option 1b-1>Option 1a>Option 2=Option 3;
· SSB detection complexity: Option 2=Option 3>>Option 1a=Option 1b-1=Option 1b-2=Option 1c;
· RRM measurement: Need to read PBCH payload when configuring q as {3,5,6,7} for Option 1a and no need for other options;
· DRS starting flexibility: the same for all options, i.e. 20 when n=1 and 10 when n=2.
It is easily seen that option 1b-2 and option 1c introduces larger overhead while option 2 and option 3 causes higher detection complexity, which is not acceptable from system design and UE power consumption aspect. Besides, no need to read PBCH in RRM measurement is also important for UE. Thus, option 1a by limiting q={1,2,4,8} only or option 1b-1 are preferred for NR-U.
[bookmark: PP4]Proposal 3: Timing is derived jointly by PBCH DM-RS and PBCH payload as NR Rel15 method and QCL is derived by Option 1a limiting q={1,2,4,8} or Option 1b-1.
  RMSI acquisition
Before RMSI acquisition, UE should at least detect one SSB with time position index i and obtain the configuration in PBCH. 
First, UE needs to determine the slot(s) to monitor Type 0 PDCCH search space configured in PBCH. In NR Rel15, UE will monitor two consecutive slots with 20ms period corresponding to one certain SSB. For NRU, the situation is changed, i.e. the DRS time position is floating in DRS transmission window according to LBT results. For example, as illustrated in Figure 1, DRS is transmitted in slot #0,1,2 of one period and then in slot #2, 3 of the next period. Thus Type 0 PDCCH search space should include all the possible candidate slots for RMSI transmission associated with the detected SSB. By using either Option 1a or Option 1b, UE could determine a set of candidate SSB time positions within configured DRS window that are QCLed, e.g. the SSBs with the same colors are all QCLed in Figure 1 and Figure 2. Therefore, the monitoring slots for Type 0 PDCCH search space are the slots which have SSBs with the same QCL beam index as detected SSB. For example, illustrated in Figure 1, the monitoring slots are #0, #2, #4 when UE detects SSB #4. Besides, the monitoring period is the same as SSB transmission period.
[bookmark: PP5]Proposal 4: The monitoring slots for Type 0 PDCCH search space are the slots which have SSBs with the same QCL beam index as detected SSB.
Second, UE determines the monitoring symbol(s) according to PBCH configuration and detected SSB index. One configuration example is given below: if UE detects SSB#4 while n is configured as 2 and number of symbols in coreset0 is 1, the monitoring time is symbol #7 in slot #0, #2, #4 with 40ms period.
[image: ]
Finally, UE monitors type 0 PDCCH in the above determined search space and start to decode RMSI when DCI scrambling with SI-RNTI is detected. To save power consumption, UE may also detect PSS/SSS in that slot first to identify whether there is DRS transmission and then start to monitor PDCCH. Multiple samples could be used for soft combining of RMSI to improve decoding performance. Besides, RMSI scheduling and rate matching issues are discussed in our companion paper [2].
Radio link monitoring
In RAN1#96, the following agreements are made on enhancements for RLM in NRU.
Agreement:
· An RLM measurement window for serving cell RLM measurements based on SSBs in the DRS is supported for in-sync and out-of-sync evaluations.
· FFS: How RLM measurement window is indicated or determined and relation to DRS transmission window
· FFS: Whether or not an SSB can fall outside the measurement window and, if so, whether it can be used for in-sync and out-of-sync evaluations.
· FFS: Any relationship of RLM measurements based on CSI-RS to the measurement window.
· FFS: Mechanism to handle missing RLM-RS due to LBT failure
In the licensed spectrum, both SSB and CSI-RS can be configured as RLM-RS and should be transmitted periodically. When the radio link quality assessed on any configured RLM-RS resource is better than the threshold Qin, in sync is indicated. And when the radio link quality assessed on all of the configured RLM-RS resources are worse than the threshold Qout, out-of-sync is indicated. However, in the unlicensed band, RLM-RS transmission may be blocked due to channel unavailability, which will lead to out-of-sync (OOS) indication more frequently, and then radio link failure will be declared more frequently. 
To avoid this issue, the indication criterion should be enhanced to ensure the accuracy of the radio link quality. For each configured RLM-RS, UE should determine whether the RLM-RS is detected, if RLM-RS not detected by UE, UE does not need to evaluate the hypothetic PDCCH BLER against Qin and Qout, and the number of times RLM-RS not detected could be counted in each indication period. To verify the reliability of RLM-RS appearance detection, some evaluation is performed based on the simulation assumptions given in Table 1 and the results are shown in Figure 3.
Table 1: Simulation results for miss-detection performance for RLM-RS
	Simulation parameters
	values

	Bandwidth
	20 MHz

	Channel model
	TDL-C Low 100ns 10Hz 1X2

	Subcarrier spacing
	30 kHz

	Target false alarm rate for CSI-RS/SSS/DRS(SSS+CSI-RS+PBCH DMRS)
	1%

	RMSI CORESET BW
	48 RB

	 Initial BWP size
	48 RB

	DCI size
	39bits



[image: ]
[bookmark: _Ref534725609]Figure 3  Miss-detection performance for RLM-RS 
Note that, as specified in [4], SNR region for in sync is the SNR which can ensure BLER of RMSI PDCCH with AL=4 lower than 2%, and SNR region for out of sync is the SNR which cannot ensure BLER of RMSI PDCCH with AL=8 higher than 10%. Based on the simulation assumptions in Table 1 and simulation results in Figure 3, the in sync and out of sync SNR region are [-inf, -4dB] and [2dB, inf], respectively. In licensed band, SSS and CSI-RS are used as RLM-RS, while in unlicensed band, it has been identified to be beneficial to include CSI-RS in DRS, thus both SSB and CSI-RS can may be contained in DRS. In this case, all the RS in DRS, including SSS, CSI-RS and PBCH DMRS, can be jointly utilized to detect whether RLM-RS is actually transmitted. As illustrated in Figure 3, SSS, CSI-RS and DRS are evaluated. The miss detection rate of SSS\CSI-RS\DRS are quite low even in low SNR region in real deployment, which means the RLM-RS miss-detection performance is still reliable. 
[bookmark: OO1]Observation 1: UE can detect whether the RLM-RS is actually transmitted with high reliability.
Based on this observation, the radio link quality indication mechanism can be enhanced and the number of RLM-RS not detected as transmitted can be taken into consideration. If the detection rate of the configured RLM-RS resources in an indication period is lower than a threshold, a new state, e.g. ‘RLM-RS missing’, can be indicated to the higher layer to facilitate the radio link failure procedure. If all RLM-RS are determined as not transmitted, the ‘RLM-RS missing’ state can be indicated to higher layers.
Alternatively, the OOS indication criterion can be enhanced taking the times of RLM-RS not detected into account, without introducing a new state indicated to higher layer. For example, if all configured RLM-RSs are determined as not detected in N consecutive indication periods, OOS is indicated to higher layers.
[bookmark: _Ref521583932][bookmark: _Ref521596674][bookmark: PP6]Proposal 5: Radio link quality indication in physical layer should be enhanced considering that the RLM-RS transmission may be blocked in the unlicensed spectrum due to LBT.
· ‘RLM-RS missing’ state can be indicated to higher layers when none of the RLM-RS is detected in a indication period, or
· OOS can be indicated to higher layers when none of the RLM-RS is detected in a certain number of consecutive indication periods.
Enhancement for RACH procedure
Generally, the RACH procedure in NR Rel 15 can be employed for NRU. Nevertheless, the following issues should be considered to improve the NRU RACH performance.
Enhancement in RACH resources
In previous meetings, enhancements in RACH resources are discussed to reduce the delay in RACH procedure due to the uncertainty of channel availability. The potential RACH enhancements listed in the TR [3] are as follows:
· Frequency-domain enhancement:
· 1a: Multiple PRACH resources across multiple LBT sub-bands/carriers for both contention-free and contention-based RA
· Time-domain enhancements:
· 2a: For connected mode UE, scheduling of PRACH resources via DCI. Triggered PRACH within gNB acquired COT can use a new resource indicated by the DCI.
· 2b: For idle mode UE, scheduling of PRACH resources via paging (Note: potential inefficiency in network resource due to paging across multiple cells)
· 2c: Additional, new RACH resources are used immediately following detection of DRS transmission
· 2d: Multiple PRACH transmissions before Msg2 reception in RAR window for initial access. Number of allowed transmissions is pre-defined or indicated, e.g., in RMSI
· 2e: Group wise SSB-to-RO mapping by frequency first-time second manner, where grouping is in time domain
For wideband operation in unlicensed bands, it is feasible to support the RACH resource allocated over multiple sub-bands. In this situation, PRACH resource in multiple sub bands should be indicated in SIB1, and UE can perform LBT on them in parallel. To make sure there is only one ongoing PRACH process for a UE, only one of the sub-bands can be selected to transmit MSG1 at any RACH instant. 
Similarly, MSG3 can also be transmitted in any sub bands on which LBT succeed. However, the scheduling information is indicated to UE in RAR, and UE should transmit MSG3 based on the UL grant in RAR. In this case, multiple UL grants for MSG3 should be indicated to UE, or MSG3 scheduling information for multiple sub bands should be contained in a single UL grant in RAR. Thus, the access delay can also be reduced in MSG3 stage.
[bookmark: PP8]Proposal 6: If RACH resources in multiple sub-bands are indicated in SIB1, UE can select only one to transmit MSG1 at any PRACH instant.
[bookmark: PP9]Proposal 7: MSG3 Scheduling information for transmission in multiple sub bands should be indicated to UE in RAR.
Besides, the enhancements for RACH resources can also be considered in time domain. 
As discussed in SI stage, single and multiple DL to UL and UL to DL switching points within a shared gNB COT is identified to be beneficial and can be supported. Therefore, for option 2a, PRACH transmission in gNB initiated COT based on DCI indication from gNB, can considered to reduce the access delay for RACH procedure for connected UEs. The PRACH resource in the gNB initiated COT can be either subset of the resources configured by Prach-ConfigurationIndex, or dynamically triggered resources.
[bookmark: PP10]Proposal 8: Scheduling of PRACH resources via DCI can be supported for connected UE.
For UEs in idle mode, some companies proposed to schedule PRACH resources through paging DCI. However, network is unaware of which cell an idle UE is camping on, thus paging is transmitted in quite a large tracking area. Therefore, it is infeasible to schedule PRACH resource through paging DCI for UE in idle state.
[bookmark: OO3]Observation 2: It is not feasible to schedule PRACH resource through paging DCI for UE in idle state.
 SSB & RO association
In Rel-15, there is no QCL assumption between SSBs with different SSB index in a SSB burst set, and each RACH occasion can be associated to the actually transmitted SSBs, as indicated in ssb-PositionInBurst, in FR1. When multiple SSBs associated to the same RO, each SSB is associated with a subset of the preambles.
[bookmark: _GoBack]As discussed in section 2.1.2, QCL assumption for SSBs with different SSB index/position index in a DRS transmission window can be assumed when indicated. It is a simple way to reuse the SSB and RO mapping rule in Rel-15 for NRU. However, with the QCL assumption between SSBs, the SSB RO association rule can be enhanced to further reduce the access delay for PRACH transmission. Assuming Q=4, the number of actually transmitted SSBs indicated by ssb-PositionInBurst is 8, the number of FDMed RACH occasion is 4, the number of time domain PRACH occasions in a RACH slot is 2, and each SSB is mapped to 1 RACH occasion, in this case, only one PRACH occasion can be used for each SSB selected for PRACH transmission in a RACH slot, as illustrated in Figure 5(a). However, if the QCLed SSBs, e.g. {0,4},{1,5},{2,6},{3,7}, share the same RO, the number of ROs for each SSB in a PRACH slot can be doubled, as shown in Figure 5(b). In other words, SSB and RO mapping rule can be enhanced by taking the QCL assumptions in to consideration, which can be named as QCLed SSBs and RO mapping rule


Figure 4 QCLed SSB group and RO mapping rule
Alternatively, the SSB and RO association indicated by RRC signaling can remain the same as that in Rel-15, with additional rule that if UE selected one SSB for PRACH procedure, PRACH can also be transmitted in ROs associated with the SSBs QCLed with the SSB UE selected. If more than one RACH occasions can be used in one PRACH instance, UE can randomly select one to transmit PRACH.
[bookmark: PP11]Proposal 9: SSB and RO mapping rule can be enhanced by taking the QCL assumptions in to consideration, following options can be considered.
· The SSB&RO mapping rule is revised to QCLed SSB group and RO mapping rule.
· Reuse the SSB&RO mapping in rel-15, with additional rule that if UE selected one SSB for PRACH procedure, the ROs associated with the SSBs QCLed with the SSB UE selected can also be used.
3. Conclusion
In this contribution, we focus on the design of DL signals and channels in NR-U spectrum, and have the following proposals:
Proposal 1: For NRU, gNB could shift the DRS transmission within configured DRS transmission window and the shifting granularity is length of selected DRS unit (7 or 14 symbols) implicitly carried by number of Type 0 PDCCH search space per slot.
Proposal 2: The two SSBs in the same slot are configured with the same QCL beam index when 14-symbol DRS unit is used, i.e. QCL assumption is related with number of Type 0 PDCCH search space in one slot.
Proposal 3: Option 1a by limiting q={1,2,4,8} or Option 1b-1 are used for NR-U to derive timing and QCL assumptions.
Proposal 4: The monitoring slots for Type 0 PDCCH search space are the slots which have SSBs with the same QCL beam index as detected SSB.
Proposal 5: Radio link quality indication in physical layer should be enhanced considering that the RLM-RS transmission may be blocked in the unlicensed spectrum due to LBT.
· ‘RLM-RS missing’ state can be indicated to higher layers when none of the RLM-RS is detected in a indication period, or
· OOS can be indicated to higher layers when none of the RLM-RS is detected in a certain number of consecutive indication periods.
Proposal 6: If RACH resources in multiple sub-bands are indicated in SIB1, UE can select only one to transmit MSG1 at any PRACH instant.
Proposal 7: MSG3 Scheduling information for transmission in multiple sub bands should be indicated to UE in RAR.
Proposal 8: Scheduling of PRACH resources via DCI can be supported for connected UE.
Proposal 9: SSB and RO mapping rule can be enhanced by taking the QCL assumptions in to consideration, following options can be considered.
· The SSB&RO mapping rule is revised to QCLed SSB group and RO mapping rule.
· Reuse the SSB&RO mapping in rel-15, with additional rule that if UE selected one SSB for PRACH procedure, the ROs associated with the SSBs QCLed with the SSB UE selected can also be used.
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