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1 Introduction 
In previous RAN1 meetings [1-2] during the study on NR-based access to unlicensed spectrum, the followings are some of the agreements that were made related to initial access and mobility: 

	Agreement (RAN1#94bis):
For SSB transmissions as part of DRS:

· It is considered beneficial to expand the maximum number of candidate SSB positions within DRS transmission window to [Y], for e.g., Y = [64] 

· FFS: How to derive frame timing from detected SS/PBCH block 

· Transmitted SSBs do not overlap

· FFS: Shift granularity between candidate SSBs positions/candidate groups of SSBs 

· Maximum number of transmitted SSBs is [X] within DRS transmission window. X <= 8

· FFS: Duration of DRS transmission window

· FFS: Duration of the transmitted DRS within the window, including SSBs and other multiplexed signals/channels

· FFS: relationship between transmitted SSB index and QCL assumption at UE

· FFS: If and how to support beam repetition for soft combining of SSBs within the same DRS transmission
Agreement (RAN1#94bis):
Following options have been identified for potential RACH resource enhancements in NR-U beyond the flexibility already available in Rel-15:

1. Frequency-domain enhancement

a. Multiple PRACH resources across multiple LBT sub-bands/carriers for both contention-free and contention-based RA

2. Time-domain enhancements

a. For connected mode UE, scheduling of PRACH resources via DCI. 

i. Triggered PRACH within TXOP can use a new resource

b. For idle mode UE, scheduling of PRACH resources via paging

i. Note: potential inefficiency in network resource due to paging across multiple cells

c. Additional, new RACH resources are used immediately following detection of DRS transmission

d. Multiple PRACH transmissions before Msg2 reception in RAR window for initial access

i. Number of allowed transmissions is pre-defined or indicated, e.g., in RMSI

ii. FFS: How to handle potential multiple RARs to same UE
e. Group wise SSB-to-RO mapping by frequency first-time second manner, where grouping is in time domain
Agreement (RAN1#95):
· It is considered beneficial to enhance paging opportunities using one or more of the following mechanisms:
· Increased time-domain paging occasions or paging monitoring occasions

· This can enable additional paging occasions outside of DRS 

· Note: Parts or all of the above enhancement may fall under RAN2 purview and may not require any further study in RAN1

Agreement (RAN1#95): 

· It is considered beneficial to report a metric to represent channel occupancy or medium contention in addition to RSSI.

· The exact definition of the metric(s) is left for the WI

· Note: The above is a confirmation of RAN2’s recommendation for the same

Agreement (RAN1#95):
· For RLM, the following recommendations are considered beneficial for further design in the WI:

· Identifying a set of RLM-RS, e.g., DRS, SS/PBCH blocks, CSI-RS
· Transmission of the RS in a COT may be subject to LBT

· Identifying which set(s) of RLM-RS are used for in-sync and out-of-sync evaluations

· For example, determining which RLM-RS within or outside the DMTC for RLM can be utilized for in-sync and out-of-sync evaluations

· Potential definition of a metric, e.g., Rel-15 out-of-sync indication or new metric, to accurately identify instances of unsuccessful detection of RLM-RS. Whether/how to report such a metric to higher layers is to be further studied. 

Agreement (RAN1#95):
It is considered beneficial for the time-domain measurement windows for RRM measurements and RLM to be different

Agreement (RAN1#AH1901): 

· UE assumes 30KHz SCS for SS/PBCH block for 5GHz band and 6GHz band if the SCS is not indicated by higher layers.

· Support configuration by higher layers of 15KHz or 30KHz SCS for SS/PBCH block

· Include this agreement in a LS to RAN4 (cc RAN2) for inclusion in specs managed by RAN4 

Conclusion:

No changes are required to the time and frequency position of the PSS/SSS/PBCH relative to each other in one PSS/SSS/PBCH block.

Agreement (RAN1#AH1901):
The Type0-PDCCH monitoring configuration for NR-U should satisfy at least the following properties:

· TDM of Type0-PDCCH and SSB similar to existing pattern 1 (already agreed)

· Support the monitoring of Type0 PDCCH of the 2nd SSB position in a slot in the gap between 1st and 2nd SSB within the slot

· FFS start at symbol #6 of #7 or both

· FFS: The Type0-PDCCH candidates associated with an SSB are confined within a slot carrying the associated SSB (with the same QCL assumptions)




In this contribution, potential enhancements to NR initial access and mobility to support unlicensed operation will be discussed including the following aspects:

· Enhancements to SSB transmission scheme as part of DRS.

· Enhancements to 4-step random access procedure.
· Enhancements to RLM/RRM measurement
2 NR-U DRS transmission 
In NR Rel-15, each slot can support a maximum of 2 SSB transmission opportunities. However, only certain slots are allowed to transmit SSBs. Note that in NR Rel-15, 64 code-points are used to convey a SSB index. 3 bits are conveyed with PBCH-DMRS sequence and 3 bits are conveyed using PBCH payload. Further it is specified that a designated location within a designated slot is associated with a unique SSB index which allows the slot/frame timing information to be discovered from SSB index. In order to cope with LBT it is proposed to extend SSB transmission opportunities to all the slots within a half-frame (5ms). We have the following proposal:
Proposal 1
Consider extending the candidate SSB transmission positions to all the slots within a half-frame. This provides 20 candidate positions for 30 kHz and 10 candidate positions for 15 kHz within a 5ms window.

Another discussion point for DRS is the association of a candidate SSB transmission opportunity with a SSB beam (index) and a potential time-shift (due to LBT failure). The following alternatives were discussed and noted in RAN1#94 chairman’s notes:

Alt-1: Shift SSB(s) in time to the next transmission instance 
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Figure 1: (30kHz) Alt-1 showing shift of SSBs in time if LBT is not successful. In this example (30kHz) the number of SSB beams employed by the cell is L=4
We note that Alt-1 may be limited to 2 SSB beams with 15kHz SCS and 4 SSB beams with 30kHz SCS if DRS transmission duration is limited to 1ms. Extension to higher number of beams is not obvious.
Alt-2: Cyclically wrap the SSBs dropped due to LBT failure around to the end of the burst set transmission 
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Figure 2: (30kHz) Alt-2 cyclically wrapping of SSBs that have failed transmission due to LBT.  In this example (30kHz), the number of SSB beams employed by the cell is L =8 and DRS limited to 1ms, shift granularity of 0.5 slot.
In Alt-2, for a cell employing less than 8 SSB beams (let us assume L=4), the behaviour is not clear. In one possible alternative the number of DRS transmission opportunities may be reduced (see Figure 3). We show that if a cell uses 4 SSB beams, only 3 out of 20 candidate positions are available for SSB 0 transmission (candidate positions 0, 8 and 16). This increases the latency due to LBT failure and many candidate positions are not utilized. Note that depending on further RAN1 discussions, it is possible that certain time-critical signals such as RLM-RS, BM-RS, TRS (different forms of CSI-RS) may be transmitted within DRS and this reduced number of DRS transmission opportunities may significantly affect system performance.
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Figure 3: (30kHz) Alt-2 in principle and in this example (30kHz), the number of SSB beams employed by the cell is L =4, shift granularity of 0.5 slot
In another possible alternative, SSB beam 0 transmission can be allowed to occur at candidate positions t=0, t=4, t=8, t=12 and t=16 as shown in Figure 4. SSBs are shifted cyclically with interval = 4 instead of interval = 8, decreasing the latency due to LBT failure.
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Figure 4: (30kHz) SSB shifted cyclically for a cell using L=4 beams with shift granularity of 0.5 slot, the candidate positions indicate possible SSB transmission instances in time. PBCH payload is unchanged within each soft-combining window as indicated above (PBCH payload may change across a soft-combining window boundary).
Similarly for a cell employing 2 beams (L=2), SSB index 0 transmission can be allowed to occur at candidate position t=0, 2, 4, 6, 8, 10, 12, 14, 16, 18 as shown in Figure 5.
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Figure 5: SSB shifted cyclically for a cell using L=2 beams with shift granularity of 0.5 slot, the candidate positions indicate possible SSB transmission instances in time. PBCH payload is unchanged within each soft-combining window as indicated above (PBCH payload may change across a soft-combining window boundary)
The frame timing is determined from the 3-bit information encoded in the PBCH DMRS and 2 bits in PBCH payload, following similar principles as in Rel-15 NR. A QCL index q can be derived using q = mod(k, L) where k is the SSB index (k=0…max candidate opportunities) and L is the total number of beams used in the cell (L can takes values from 1 to 8). SSB blocks detected with the same QCL index q can be considered to be QCL-ed each other, ensuring maximum soft combining opportunities within a DRS window for L < 8. The value of L can potentially be conveyed to the UE using the PBCH.
Proposal 2
Consider frame timing determination based on SSB index determined from PBCH-DMRS and PBCH payload similar to Rel-15. Define QCL index q for discussion purposes, q determined according to q = mod(k, L), L is the number of SSB beams employed by the cell (L=1, 2, …8) indicated to the UE

Another issue to consider is the shift granularity between SSBs. For the purposes of intra-DRS accumulation for PSS/SSS detection and soft-combining for PBCH decoding, equal intervals (time samples) across different SSB locations is beneficial irrespective of the shift. For this purpose we should also consider the long OFDM symbol (with relatively long-CP) that is present in symbol 0 for 30kHz since the absolute length of the 0.5 slot shift is different depending on where it is shifted from.

[image: image6.emf]1 ms DRS Tx

SSB SSB

1 2 3 4 5 6 7 8 9 10111213 symbol 0

SSB SSB

0 1 2 3 4 5 6 7 8 9 10111213

SSB SSB

0 1 2 3 4 5 6 7 8 9 10111213

1 ms DRS Tx

0.5 slot shift

Symbols with long-CP


Figure 6: for 30 kHz case a 0.5 slot shift granularity creates different timing differences across the transmitted SSBs in terms of number of OFDM symbols and also in terms of time samples due to the presence of long symbols
In the case of 15 kHz, a modification of SSB locations can help to resolve this issue if a 0.5 slot granularity is required as shown the following figure.
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(a) Existing SSB patterns with 15 kHz SSB spacing 
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(b) 15kHz SSB spacing after modifying SSB position within slot

Figure 7: (a) shows the unequal spacing between symbols using a shift granularity of 0.5 slots (b) shows that the inter-SSB distance is consistently 3 symbols including 1 long-symbol (after modification of SSB locations)
Overall, we observe that a shift-granularity of 1 slot is friendlier to intra-DRS accumulation and soft-combining given the current SSB locations. 

Proposal 3
Consider to specify that a UE may assume a shift granularity of 1 slot (for intra-DRS accumulation and soft-combining purposes). 
Note that the current Rel-15 cell-quality measurement framework is based on updating an average of the best N beams (from a cell) it is beneficial to maintain equal number of actual transmissions for different beams directions. Assuming the Alt-2 approach, in general the issue of unequal transmission opportunities arise which is a function of L and also of the shift granularity employed. For L = 3, 6, 7, different SSB indices have different transmission opportunities since there are 20 candidate positions. As an example consider L = 3 and the following figure shows the available options at the gNB for a shift granularity of 1 slot.
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Figure 8: SSB shifted cyclically for a cell using L=3 beams, 1 slot shift granularity, 1ms Tx duration.

This issue of having unequal transmission opportunities can be mitigated to a certain extent by the gNB via implementation.  For example, in each 1ms DRS Tx opportunity as shown above the gNB may drop one or more SSB indices in order to equalize the actual SSB transmissions over the longer term - in each 1ms Tx opportunity a gNB may choose to transmit the different combination of SSB indices, for example “0 1 2 0”, “0 1 2 x”, “x 1 2 x”, “x x 2 x” where x means dropped.

Another related issue is the need for PBCH decoding during handover due to frame-timing information being present partially in the PBCH payload. In this case we note that if the cells are synchronized to within about 2 SSB symbols, the serving cell frame-timing can be used with accurate PBCH-DMRS detection to obtain target cell frame timing (deriveSSB-IndexFromCell tolerance in 38.133). The current timing synchronization requirements is 3us in TDD for both NR and LTE (cell phase synchronization requirements in 38.133).
PBCH soft-combining:
In the following, we provide an example of initial access hardware processing flow to highlight the aspect of PBCH soft-combining related to different NR-U proposals.
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Figure 8: high level functional flow-chart of PBCH soft-combining mechanism over 80ms
In Figure 8 we show a high-level separation of the different activities leading to PBCH soft-combining block. Note that some processing is done real-time but some processing can be done offline as well. At the first stage a list of PSS hypotheses is generated after accumulation for further processing. In the second stage for each of the PSS hypotheses generated in the first stage several SSS hypotheses are chosen. At the end of the second stage, a list of PSS/SSS hypotheses pairs after accumulation are available for PBCH processing – each hypotheses pair is conditioned on a cell-id, sample-times for a set of accumulations and FO. 

In the following we show an example of PBCH soft-combining step for a single PSS/SSS hypotheses pair considering accumulation of 2 instances. Note that the first scrambling step is according to Rel-15 design where a PBCH-DMRS detection is used to determine the scrambling sequences. In the second scrambling step, in Rel-15 design (Lmax=8), a SFN-LSB hypothesis is required in order to combine instances occurring in time sections where the SFN-LSBs are different (see Figure 8). This aspect remains in NR-U. In addition, in NR-U, a UE will also have to hypothesize on the MSB of the SSB index included in PBCH payload (shown as SSB-MSB hypothesis in Figure 9). As shown in Figure 2, Figure 3, Figure 4, Figure 5 above, there exist a maximum of 3 SSB-MSB hypotheses that corresponds to the 3 soft-combining windows. 
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Figure 9: PBCH soft-combining steps comprising of a first and a second scrambling steps for two instances
Observation 1: The usage of PBCH payload bits for frame-timing leads to an increase in PBCH soft-combining hypotheses at the lowest level of processing (compared to the case where frame-timing can be derived from PBCH-DMRS only for example).
In the following Figure 10 we consider, as an example, the detected PBCH DMRS state 04. We observe that within a DMTC window of 5ms, the PBCH DMRS state 04 can be associated with two SSB-MSB states - 00 or 01. Some PBCH DMRS states (for example state 03) can be associated with three SSB-MSB states – 00, 01 or 02. 
Now, in terms of soft-combining, let us consider the first set of LLRs associated with PBCH DMRS state 04 within t=5ms. As mentioned above, this can be associated with two hypothetical SSB-MSB states – 00 or 01. Given one of these two hypotheses, a second set of LLRs associated with PBCH DMRS state 04 after 20ms (between t=20ms and t=25ms) can be accurately determined to be associated with either SSB-MSB state 00 or 01 based on the distance between LLRs. Therefore, with reference to Figure 9 above, we can see that the PBCH soft-combining hypotheses testing overall increases by a multiplicative factor of 2-3 times.
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Figure 10: after PBCH-DMRS detection, the first row is known at the UE. Given the detected PBCH-DMRS and the distance between the time-samples, the SSB-MSB bits can be determined
Observation 2: The usage of PBCH payload bits for frame-timing leads to a multiplicative increase in PBCH soft-combining hypotheses at the lowest level of processing by 2-3 times (compared to the case where frame-timing can be derived from PBCH-DMRS only for example).
SS raster: According to NR Rel-15, in 5GHz band, the sync raster is given by 1.44 MHz while the channel raster is given by 15 kHz or 30 kHz (38.104). The channel raster for NR-U will need to also conform with regulations and will be discussed in RAN4. However, some input to RAN4 in terms of SS raster for some typical channelization schemes should be provided by RAN1. A principle that is followed in NR-U is to allow a coarser SS raster compared to the channel raster in order to reduce the cell-search complexity. Further, in NR-U due to very limited channelization and bandwidth options, it is unclear whether a SS raster of 1.44 MHz is necessary. As shown below, a quite basic SS raster of 20 MHz seems to be functional for NR-U for a given channelization scheme. 
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Figure 11: A basic 20 MHz SS raster for an example NR-U channelization scheme
Proposal 4: Discuss (in RAN1) SS raster design principles for NR-U based on some channelization schemes and provide input to RAN4.
3 Enhancements to the 4-step random access procedure 

To begin with, Release 15 NR uses 4-step random access procedure like LTE. The 4-step random access procedure consists of Msg-1 (PRACH), Msg-2 (RAR), Msg-3 (RRC connection request) and Msg-4 (contention resolution) transmissions. As per TR38.889, 4 –step RACH procedure can be considered as the baseline for NR-unlicensed and mechanisms to handle LBT related aspects (e.g. reduce transmission opportunities for Msg. 1/2/3/4) can be further studied. Further, several frequency and time domain enhancements were identified in TR38.889 as potential options to RACH resource enhancements for unlicensed operation. In In this regard, the following enhancements are envisioned for 4-step random access procedure.

3.1 Multiple PRACH resource configurations over multiple configured initial UL BWPs
The following agreement was made in RAN1 in the past [3] regarding channel access mechanism during initial access:

Agreement: 

· Initial active DL/UL BWP is approximately 20MHz for 5GHz band

· The final value will be quantized to number of PRBs

· Initial active DL/UL BWP is approximately 20MHz for 6GHz band if similar channelization as 5GHz band is used for 6GHz band
As per the above agreement, the initial active UL BWP for 5 GHz band is subject to one sub-band LBT (20 MHz). Consider that a single PRACH resource is configured within one configured initial UL BWP to an idle mode UE for initial access. If 20 MHz spectrum of the UL BWP that includes the PRACH resource for CBRA is occupied by other neighbouring network, the preamble transmission has to be delayed to the next occasion and, thereby, the overall initial access delay will increase. 

In order to overcome the abovementioned issue, it can be considered that gNB can configure multiple initial UL BWPs, each with a PRACH resource configuration, as illustrated in the figure below. The initial UL BWPs may be contiguous or non-contiguous across frequency. Out of these multiple initial BWPs, one single UL BWP is activated based on LBT outcome (each BWP being subject to independent 20 MHz sub-band LBT) at the UE side and UE transmits PRACH on this single initial UL BWP, which is activating the initial UL BWP. If the gNB receives the PRACH inside the initial BWP, the gNB assumes that the initial UL BWP becomes the initial active UL BWP for the UE who sends the corresponding PRACH. In case CCA is successful on multiple configured BWPs, UE selects one BWP out of these multiple candidates as the initial active UL BWP and use the corresponding PRACH resource to transmit the preamble.
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Figure 6. Multiple PRACH resource configurations in frequency domain on multiple configured initial UL BWPs
Proposal 5
NR-unlicensed supports multiple PRACH resource configurations in the frequency domain on multiple configured UL BWPs. 
4 NR-U RRM/RLM
Radio link monitoring (RLM) in NR Rel-15 relies on in –sync (IS)/out-of-sync (OOS) indications based on RLM-RS based link quality measurements where RLM-RS may take the form of SSB and/or CSI-RS. The physical layer at a UE indicates an OOS indication to higher layers if the radio link quality of all the configured RLM-RS resources is below a pre-defined threshold (Thout-of-sync). On the other hand, L1 indicates an IS indication to higher layers if the radio link quality is better than another pre-defined threshold (Thin-sync) for any resource in the set of RLM-RS resources configured for radio link monitoring.

In the case of standalone NR-U operation, RLM/RLF (radio link failure) mechanism should consider the uncertainty of channel access by LBT operation. In particular, a determination of link quality below Thout-of-sync may occur either due to the absence of RLM-RS (LBT failure) or due to poor radio link quality. Therefore, following the RLM procedure of a licensed carrier will lead to OOS indications when an RLM-RS is dropped due to LBT failure. 
One way to mitigate the aforementioned problem is to enable a mechanism that would reduce LBT failure probability of RLM-RS. 

In order to improve the probability of successful LBT, RLM-RS may be included as part of NR-U DRS. Additionally RLM measurements can be restricted within a certain window (RLM-DMTC) such that the probability of false OOS indications is reduced assuming that the RS transmission inside DRS transmission window can utilize Cat-2 LBT. Note, however, that the cost of always restricting RLM OOS measurement to DRS occasions can lead to a slower RLM process when the medium is not congested. The gNB should be able to configure a window RLM OOS window for a UE.
The main issue with respect to RLM is that dropped RLM-RS transmission occasions due to LBT failure may trigger RLF that is undesired. In this case, for an evaluation period, a UE may determine whether IS or OOS indication can be determined with sufficient confidence and accuracy. For example, if RLM-RS is defined as a SS/PBCH block index, a UE may perform PSS/SSS/PBCH detection to determine successful RLM-RS transmission for a particular transmission instance. A UE may also consider information such as remaining COT information to determine RLM-RS presence. If the number of successful RLM-RS presence detection within an evaluation period is 0 or small, then a UE may indicate a third indicator type (say failed to detect – FTD indication) to higher layers. This is feasible if the required SINR for OOS indication is much higher than the required SINR for PSS/SSS/PBCH detection which is generally true.
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Figure 7: Detection of RLM-RS for usage in OOS/IS evaluation is possible if RLM-RS can be detected at a lower SINR than OOS detection or from acquired side information (like remaining COT time etc.) 
Proposal 6
Consider defining a gNB configurable window for restricting RLM measurements for OOS indication. This window can include the DMTC window.
Proposal 7
Consider indicating a third indicator type (e.g. failed to detect – FTD indication) to higher layers in addition to IS and OOS indications. 

For the purposes of RRM, in Rel-15, measurements are performed within a configured SMTC window. We think the same principle can be followed in NR-U where RRM measurements can be performed within the RRM-DMTC window. It is not clear that allowing CSI-RS based RRM measurements outside RRM-DMTC window can be beneficial. In lightly congested medium, DRS transmission failure will be unlikely providing sufficient RRM measurement opportunities while in heavily congested medium, CSI-RS transmission outside DRS window will be highly likely to fail. 
Proposal 8
Consider SSB and CSI-RS based RRM measurements based on DRS within RRM-DMTC window.
Also, note that the RMTC measurement framework introduced in LTE was motivated by the need to capture load conditions for neighbouring cells, capture interference outside the downlink burst and capture impact of hidden nodes. The same motivations apply for NR and we may consider using the same RMTC measurement framework as in LTE. 

Proposal 9
Consider re-using RMTC measurement framework as in LTE for average RSSI measurement. Consider re-using channel occupancy reporting as for LTE in NR-U.
5 Conclusion
The following proposals and observations were made based on above discussions: 
Proposal 1
Consider extending the candidate SSB transmission positions to all the slots within a half-frame. This provides 20 candidate positions for 30 kHz and 10 candidate positions for 15 kHz within a 5ms window.
Proposal 2
Consider frame timing determination based on SSB index determined from PBCH-DMRS and PBCH payload similar to Rel-15. Define QCL index q for discussion purposes, q determined according to q = mod(k, L), L is the number of SSB beams employed by the cell (L=1, 2, …8) indicated to the UE
Proposal 3

Consider to specify that a UE may assume a shift granularity of 1 slot (for intra-DRS accumulation and soft-combining purposes). 

Observation 1 
The usage of PBCH payload bits for frame-timing leads to an increase in PBCH soft-combining hypotheses at the lowest level of processing (compared to the case where frame-timing can be derived from PBCH-DMRS only for example).
Observation 2
The usage of PBCH payload bits for frame-timing leads to a multiplicative increase in PBCH soft-combining hypotheses at the lowest level of processing by 2-3 times (compared to the case where frame-timing can be derived from PBCH-DMRS only for example).
Proposal 4
Discuss (in RAN1) SS raster design principles for NR-U based on some channelization schemes and provide input to RAN4.
Proposal 5
NR-unlicensed supports multiple PRACH resource configurations in the frequency domain on multiple configured UL BWPs. 
Proposal 6
Consider defining a gNB configurable window for restricting RLM measurements for OOS indication. This window can include the DMTC window.
Proposal 7
Consider indicating a third indicator type (e.g. failed to detect – FTD indication) to higher layers in addition to IS and OOS indications. 

Proposal 8
Consider SSB and CSI-RS based RRM measurements based on DRS within RRM-DMTC window.

Proposal 9
Consider re-using RMTC measurement framework as in LTE for average RSSI measurement. Consider re-using channel occupancy reporting as for LTE in NR-U.
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