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1 Introduction
In RAN1 #96bis meeting [1], the following agreements regarding the initial access and mobility procedure were made: 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).













This contribution discusses the details of the agreed study points and other aspects related to the initial access and mobility procedure for NR-U:
· Enhancement to SS/PBCH Block Transmission
· Enhancement to Random Access Procedure 
· Enhancement to RRM Measurement
· Enhancement to RLM Procedure
2 Enhancement to SS/PBCH Block Transmission 
1 
2 
Design Principles
In the last few RAN1 meetings, the transmission scheme of SS/PBCH block as part of a DRS has been discussed, wherein the focus was on enhancing the transmission opportunity to compensate the loss due to LBT, timing acquisition, as well as QCL assumption acquisition. Several high-level principles regarding the transmission scheme have been proposed, and we would like to restate the support of the high-level principles as follows.   
Principle 1: Within a PBCH TTI (i.e., 80 ms), UE assumes the MIB contents are the same in SS/PBCH blocks on the same frequency layer.
In NR Rel-15, PBCH TTI is the time duration for MIB scrambling (including both first and second level scrambling), encoding, rate matching, and partitioning, from a gNB perspective (see Figure 1), and PBCH TTI is also the time duration for soft combining from a UE perspective (see Figure 2). Maintaining MIB the same is beneficial for keeping the same operation as in NR Rel-15 from both gNB and UE perspectives, especially for soft combining in UE operation. On the other hand, at least 2 bits are still reserved within PBCH payload but not within MIB for FR1 (e.g. 1st and 2nd MSB of SS/PBCH block index as in Figure 1), and if floating sync is not supported for NR-U or revised for NR-U, 3 bits could be available for the purpose of indication for timing related information in SS/PBCH block (e.g. 1st, 2nd, and 3rd MSB of SS/PBCH block index as in Figure 1). These bits should be sufficient, since the DRS transmission window may not be designed exceeding the indication capability anyway.   
[image: ]
[bookmark: _Ref4582976]Figure 1 PBCH procedure within a TTI from a gNB perspective.
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[bookmark: _Ref4583276]Figure 2 PBCH procedure within a TTI from a UE perspective.
Principle 2: UE is not required to decode PBCH in the SS/PBCH block of neighboring cell(s) when performing RRM measurement.
In NR Rel-15, there was a long discussion trying to avoid PBCH decoding in neighboring cell measurement, in light of the requirement from RAN2, and finally RAN1 fulfilled the target as least for FR1. For NR-U, the same design principle shall be carried over, and any proposal violating this principle shall not be supported to save UE’s implementation complexity. More precisely, a UE shall be able to determine the QCL assumption from detected DMRS sequence of a SS/PBCH block, possibly with the assistant of other information known to the UE, and PBCH reading is not necessary. 
Based on the discussion above, we propose to agree on the two principles first and discuss the further details. 
Proposal 1: The design of SS/PBCH block transmission in NR-U shall comply at least the following Rel-15 NR principles:
· Within a PBCH TTI (i.e., 80 ms), UE assumes the MIB contents are the same in SS/PBCH blocks on the same frequency layer.
· UE is not required to decode PBCH in the SS/PBCH block of neighboring cell(s) when performing RRM measurement.
Other than the above fundamental principles, companies also proposed extra design aspects, including: 
· Number of DMRS sequences of PBCH for a given cell;
· Flexibility on the number of actually transmitted SS/PBCH blocks;
· Flexibility on the starting position of SS/PBCH block within a DRS transmission window;
· QCL assumption acquisition across DRS transmission windows;
· Bit-width in PBCH payload for indicating timing related information;
· UE detection complexity, especially for soft combining. 
In our understanding, among the diverse proposals from companies, no one is perfect in term of achieving all the above extra design aspects to the maximum degree, and each proposal is a tradeoff among network flexibility, indication overhead, UE detection complexity, and fair coexistence. The following discussion in this contribution will analyze each design component related to the SS/PBCH block transmission within the DRS transmission window, taking the above tradeoff into account. 
Observation 1: The design of SS/PBCH block transmission shall take into the tradeoff among network flexibility, indication overhead, UE detection complexity, and fair coexistence.
DRS transmission window periodicity
In LTE-LAA, the periodicity of DRS transmission window can be configured staring from 40 ms, however, at that time, the purpose of DRS is purely for measurement purpose.
In NR-U, the periodicity of DRS transmission shall be reconsidered, in order to cover the scenario that single SS/PBCH block is transmitted with a short periodicity (actually this could a typical implementation scenario). Hence, the periodicity of DRS transmission window shall be more flexible comparing to LTE-LAA, and should be configurable to as small as 5 ms. 
Meanwhile, we figure out it is beneficial to align the periodicity of SS/PBCH block and the periodicity of DRS, such that a UE only assumes a reception of SS/PBCH block within a DRS transmission window, and a UE does not expect to receive SS/PBCH block outside a DRS transmission window. The benefit of the alignment lies on the simplicity of design, since there is no need for a UE to distinguish whether a SS/PBCH block outside or inside a DRS transmission window, and a unified detection procedure can be performed on the UE side. This alignment also simplifies the potential specification work for NR-U DRS, since a UE could always assumes the Type0-PDCCH is transmitted within the same slot as the associated SS/PBCH block, and no other Type0-PDCCH is required to be monitored outside the DRS transmission window.  
Proposal 2: Periodicity of DRS transmission window is assumed the same as the periodicity of SS/PBCH block.
· The periodicity of DRS transmission window can be configurable from {5, 10, 20, 40, 80, 160} ms.
· UE assumes a default periodicity of 20 ms for initial access purpose.
Timing and QCL assumption acquisition
Before discussing the particular timing and QCL assumption acquisition schemes, it would be necessary to clarify two sets of indices for SS/PBCH blocks in DRS. 
The first set of indices represent the potential locations for SS/PBCH block transmission within a DRS transmission window, which could be indexed from 0 to Y-1, wherein Y is the total number of potential locations for SS/PBCH block transmission in a DRS transmission window. This index could be named “SS/PBCH block potential location index” to distinguish from the other (exact name of this indices could be further modified). This set of indices are mainly for timing acquisition purpose, since they clearly indicate the timing location within a DRS window, and the timing acquisition procedure is essentially the same as determining the SS/PBCH block potential location index within a DRS transmission window.   
The other set of indices represent the QCL assumption for SS/PBCH blocks, which could be indexed from 0 to X-1, wherein X is the maximum number of SS/PBCH blocks transmitted in a DRS transmission window. This index is beneficial to reuse the name from NR Rel-15, since “SS/PBCH block index” has been tremendously utilized in different specifications of RAN1 as well as other working groups. We expect huge spec clearness work by changing the name of this index. Then, the QCL acquisition procedure is essentially the same as determining the SS/PBCH block index, potentially with assistance from other information known to the UE. 
In NR Rel-15, the SS/PBCH block potential location index is the same as the SS/PBCH block index. However, for NR-U, there is a consistent view of increasing the number of SS/PBCH block potential locations within a DRS transmission window. For example, the maximum number of SS/PBCH block potential locations within a DRS transmission window, i.e. Y, can be 20 if the DRS transmission window size is 5 ms with 30 kHz SCS. On the other hand, there is no obvious motivation to increase the maximum number of SS/PBCH blocks transmitted in a DRS transmission window comparing to NR Rel-15, and this value, i.e. X, can be 8, which means at most 8 beams implemented for SS/PBCH blocks. 
Proposal 3: NR-U shall introduce two sets of indices for timing acquisition and QCL assumption acquisition purposes:
· SS/PBCH block potential location index, represents the potential location of an SS/PBCH block within a DRS transmission window.
· SS/PBCH block index, carries information about the QCL assumption.
Regarding the timing acquisition scheme, the following three options were discussed: 
· Option 1: SS/PBCH block potential location index is carried by DMRS sequence of PBCH.
· Option 2: SS/PBCH block potential location index is partially carried by DMRS sequence of PBCH (e.g. 3 LSBs) and partially carried by the PBCH payload (but not in MIB). 
Option 1 and Option 2 both have its benefit in different aspects, and a comparison of Option 1 and Option 2 is shown in Table 1. 
[bookmark: _Ref4599909]Table 1 Comparison of timing indication schemes.
	
	Option 1
	Option 2

	Advantages
	Simpler implementation for soft combining (same UE procedure as in NR Rel-15 for combining PBCH payload).
	DMRS design maintains the same as in NR Rel-15. 

	Disadvantages
	DMRS detection performance may degrade.
Detection complexity of DMRS is increased. 
	Corresponding bits in PBCH payload are random due to LBT, and soft combining of those bits may require higher UE complexity. 



Based on the above discussion, we slightly prefer Option 1 due to simpler UE implementation for soft combining. 
Proposal 4: SS/PBCH block potential location index is carried by DMRS sequence of PBCH, and the number of DMRS sequences is increased comparing to NR Rel-15.
Regarding the QCL assumption acquisition, at least the following two proposals were discussed: 
· Option 1: UE can acquire QCL assumption for received SS/PBCH blocks within different DRS transmission windows from the DMRS sequences.
· Option 2: UE can acquire QCL assumption for received SS/PBCH blocks within different DRS transmission windows from the DMRS sequences with assistance from other information known to the UE. 
The motivation of Option 2 is trying to reduce the payload size of indication in PBCH, and it requires an indication of the wrap-around granularity by RRC as the assistance information known to the UE to acquire the QCL assumption. However, if the wrap-around granularity is at least as 1 ms as in our proposal, the payload size is already small and the benefit of Option 2 on saving the number of bits for timing indication is not significant. 
Based on the above discussion, Option 1 is more preferable in term of simplicity and effectiveness, and same UE behavior can be maintained from NR Rel-15. 
Proposal 5: For NR-U, UE can acquire QCL assumption for received SS/PBCH blocks within different DRS transmission windows from the DMRS sequences of PBCH in the received SS/PBCH blocks.
Transmission scheme to compensate LBT
Up to now, there are two major transmission schemes discussed to compensate the potential loss of channel access due to LBT. 
Scheme 1: Part of the SS/PBCH blocks in the burst not transmitted due to failed LBT are wrapped around to the end of the SS/PBCH burst in the DRS window. This scheme is shown in Figure 4(a), wherein the figure is only for illustration purpose, and trying to decouple with other discussions (e.g. window size, starting location, timing indication, QCL indication, and ect.) to purely reflect the spirit of the transmission scheme. This scheme can be further divided into two sub-schemes: 
· Scheme 1a: the wrap-around granularity is fixed, e.g. same as the maximum number of SS/PBCH blocks defined on the band.
· Scheme 1b: the wrap-around granularity is indicated by the content of PBCH, e.g. MIB.
Scheme 2: All the SS/PBCH blocks in the burst are shifted to location where LBT succeeds in the DRS window. This scheme is shown in Figure 4(b), wherein the figure is only for illustration purpose, and trying to decouple with other discussions (e.g. window size, starting location, timing indication, QCL indication, and ect.) to purely reflect the spirit of the transmission scheme. 
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[bookmark: _Ref4595476]Figure 5 Illustration of wrapped-around and shifted transmission scheme for SS/PBCH blocks in DRS transmission window.
Comparing with Scheme 1b and Scheme 2, the most benefit from Scheme 1a is smaller payload size for timing relation information in PBCH. In Scheme 1a, the payload size depends on the wrap-around granularity, which is fixed as the maximum number of transmitted SS/PBCH blocks, while in Scheme 1b and Scheme 2, the payload size depends on the granularity of starting locations, which is smaller or equal to the maximum number of transmitted SS/PBCH blocks. 
Scheme 1a is also beneficial in term of the smallest number of hypotheses on SS/PBCH block locations when performing soft combining. For Scheme 1a, the number of hypotheses on SS/PBCH block locations when performing soft combining depends on the wrap-around granularity, which is fixed as the maximum number of transmitted SS/PBCH blocks, while in Scheme 1b and Scheme 2, the number of hypotheses depends on the granularity of starting locations, which is smaller or equal to the maximum number of transmitted SS/PBCH blocks, such that more hypotheses are needed. A worst case scenario for Scheme 1b and Scheme 2 is the granularity of starting locations is as small as one SS/PBCH block, such that the UE needs to blind detect every potential SS/PBCH block locations within the DRS transmission window for soft combining. An illustration of the complexity in soft combining for the schemes are shown in Figure 6.  


[bookmark: _Ref4621003]Figure 6 Illustration of soft combining for transmission schemes.
Regarding the flexibility of starting positions for DRS transmission, on the contrast, Scheme 1b and Scheme 2 have better flexibility, since the starting positions in Scheme 1a is restricted by the fixed wrap-around granularity. For example, if the SS/PBCH blocks planned to be transmitted are the first 6 from the starting of the DRS transmission window, the wrap-around operation with a fixed wrap-around granularity of 8 SS/PBCH blocks in Scheme 1a may not work even LBT can succeed in the middle of the 6 SS/PBCH blocks. 
Moreover, Scheme 1b may need extra payload size for indication of the wrap-around granularity in PBCH, while Scheme 1a and Scheme 2 may not need any extra indication.     
Table 2 is a brief summary of the discussions on the comparison among transmission schemes for SS/PBCH blocks in DRS. Note that if the granularity of starting locations for DRS transmission is restricted to be at least 1 ms, the difference among the proposals becomes marginal.  
[bookmark: _Ref4621706]Table 2 Comparison among transmission schemes for SS/PBCH blocks in DRS.
	
	Scheme 1a
	Scheme 1b
	Scheme 2

	Payload size needed for timing indication in PBCH
	Smallest
	Larger
	Larger

	Extra indication in PBCH other than timing indication
	No
	Yes
	No

	Number of hypotheses in soft combining
	Smallest
	Larger
	Larger

	Flexibility for starting DRS transmission
	Worst
	Better
	Better



Based on the above discussions, we have the following proposal: 
Proposal 6: If the flexibility for starting DRS transmission is sufficient, NR-U shall support wrapping around part of the SS/PBCH blocks in the burst not transmitted due to failed LBT to the end of the SS/PBCH burst in the DRS window, wherein the wrap-around granularity is fixed as the maximum number of SS/PBCH blocks within a DRS window; otherwise, NR-U shall support shifting all the SS/PBCH blocks in the burst to the next available location in the DRS window where LBT succeeds.
3 Enhancement to Random Access Procedure
NR-U supports the architectural scenarios including standalone NR-U, and carrier aggregation/dual-connectivity between NR-U and licensed NR/LTE carrier. Therefore, in addition to supporting the contention-free random access (RA), NR-U also supports the 4-step contention-based random access. NR-U needs to satisfy unlicensed spectrum regulations such as the LBT, occupied channel bandwidth (OCB) regulation, and power spectral density (PSD) regulation. Due to the LBT requirement, any failure of LBT during the 4-step random access procedure can lead to a significantly increased random access delay and resource overhead. Therefore, NR-U random access needs enhancements from the baseline procedure to decrease the expected random access delay caused by potential LBT failures. Specifically, the enhancements to decrease the expected random access delay of NR-U are detailed in this session. Other aspects for the enhancement to PRACH design in NR are also discussed in this section.    
3 
NR-U PRACH configuration enhancement
In Rel-15 NR, PRACH can be transmitted in the time resources given by the higher-layer parameter PRACHConfigurationIndex, based on which the RACH occasions can be derived from the PRACH configuration table. In particular, the RO(s) within a RACH slot are allocated consecutively in Rel-15 NR. Given that LBT is required before PRACH transmission, extra time-domain resource overhead may potentially be incurred for LBT. As a result, NR-U needs to incorporate the time-domain overhead for performing LBT on the available time-domain RACH occasions within RACH slot(s). 
One option is for the ROs to be consecutively allocated as in Rel-15 NR, and LBT is performed before each RO to grant the transmission of PRACH. Despite the PRACH configuration table from Rel-15 NR can be reused to support this option, LBT for UEs assigned to a RO can be blocked by PRACH from earlier RO(s) due to the TA difference, which may severely impact the PRACH performance for NR-U. 
A second option is to allow the neighboring ROs within the same RACH slot to be non-consecutive, with a gap duration introduced between two neighboring ROs, wherein the gap can be utilized for incorporating the LBT resource overhead in transmitting PRACH in the RO that comes after this gap. With CAT-4 LBT for PRACH, the LBT duration is non-deterministic, and the gap duration can be chosen such that it is not less than the PRACH LBT duration assuming each step of the CAT-4 LBT procedure is successful. For example, for CAT-4 PRACH LBT with lowest priority class value (i.e., highest priority), the LBT duration is at least 97µs when the backoff counter equals the maximum contention window size of 7, and thus a gap duration of 3 OFDM symbols can be introduced between neighboring ROs for NR-U PRACH with 30 kHz SCS. An illustration of introducing a gap duration of 3 OFDM symbols between two neighboring ROs is provided in Figure 7, wherein the first RO is of format A2 and second RO is of format B2.


Figure 7. An example of gap between neighboring ROs for PRACH LBT overhead.
The second option can avoid the LBT blocking issue between neighboring ROs, which happens with consecutively allocated ROs. However, enhancements are needed to configure ROs and the gap duration for this option. In one approach, the gap duration between neighboring ROs can be achieved by configuring UEs to only utilize the RACH occasions with even indexes 2n (e.g., the 0-th, 2-nd, 4-th, 6-th) within the RACH slot for PRACH transmissions, while the RACH occasions with odd indexes 2n-1 (e.g., the 1-st, 3-rd, 5-th) can be used for the LBT operation of UEs that will utilize RO with index 2n. This option can directly use the existing PRACH configuration table from Rel-15 and thus requires less changes. 
In another approach to configure the ROs, the gap duration between neighboring ROs can be configured through enhancing the Rel-15 PRACH configuration table and/or adding new higher layer parameters. For example, the PRACH configuration table from Rel-15 can be enhanced by adding a new column on the number of LBT symbols for the gap duration, and the other columns such as the number of time-domain PRACH occasions within a PRACH slot can be modified accordingly to incorporate such LBT overhead. 
Proposal 7: NR-U shall support non-consecutive ROs within the same RACH slot, with a gap duration introduced between two neighboring ROs for the PRACH LBT resource overhead.
Time/frequency-domain enhancements for NR-U RACH resources
In RAN1 #94bis [2], several frequency-domain and time-domain potential NR-U RACH resource enhancements have been identified.Agreement:
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


Among the identified enhancement options, time-domain enhancement option (d) and option (e) wherein multiple PRACH transmission and time domain grouping method can be utilized as the most general approaches in compensating the potential PRACH LBT failures for both contention-based and contention-free random access. Note as we have discussed in our companion contributions [3][4], the multiple Msg1 transmissions in option (d) belong to a same RACH procedure, as opposed to belonging to multiple different RACH procedures. 
Option (d) and option (e) are most beneficial because each standalone PRACH transmission is subject to a CAT-4 LBT operation, which corresponds to a non-deterministic LBT duration and therefore a non-deterministic ending position of the LBT operation. The non-deterministic ending position for PRACH LBT can be compensated through option (d) and option (e), by configuring multiple consecutive time-domain RACH occasions, such that the UE can utilize one or multiple of its configured ROs after LBT is completed. Without option (d) and option (e), the PRACH transmission delay will be significantly increased since UE will be unable to utilize its configured RO if the PRACH LBT fails or completes after the configured RO; and the UE needs to initiate a new PRACH LBT procedure in order to utilize its next available RO. 
By contrast, each of the remaining options would have certain constraints. Specifically, for the frequency-domain enhancement in [2], since it has already been agreed that the initial active UL BWP is (approximately) 20 MHz and that LBT will be performed in units of 20 MHz for NR-U, performing LBT on a per sub-band basis for NR-U PRACH will have minimal channel access benefit for initial access UEs. 
The PRACH performance of option (a) is not guaranteed, since the DCI-scheduled RO is a one-time and non-repeatable PRACH resource, and there lacks sufficient evidence in demonstrating the reliability of one-time PRACH preamble transmission even for CFRA in licensed band. In addition, the DCI-scheduled RO is also subject to at least a CAT-2 LBT, thus enhancements such as option (d) or option (e) would still be necessary to increase the PRACH LBT success chance. Using paging to configure the PRACH resource with time-domain option (b) could be a huge resource waste as already noted in the agreement, this often causes the PRACH resource reserved in multiple cells and expected such UE could utilize only one of them. For the time-domain enhancement option (c), the RACH resources that can be utilized immediately following detection of a DRS are very limited or even unavailable, when the DRS is subject to CAT-4 LBT with lowest priority class value, and/or when the number of SS/PBCH blocks within DRS is high (e.g., 8). Therefore, UEs utilizing such RACH resources (if any) could be subject to high collision probability. 
As a result, the time-domain enhancement option (d) and (e) can be the prioritized RACH enhancement options for NR-U; while the other enhancement options require further study to see if there is any benefits. More detailed discussion on the enhancements could be found in our companion contribution [3] and more related discussion on multiple PRACH transmissions could be found in our companion contribution [4].
Proposal 8: NR-U shall prioritize time-domain enhancement option (d) and (e) for PRACH.
Enhancement to increase transmit opportunities for Msg1 in 4-step RACH
Due to the LBT requirement for transmitting PRACH, the failure of PRACH LBT can cause significant delay to the overall RA procedure. As a result, enhancements to increase the transmission opportunities of Msg1 in 4-step RACH can be used to decrease the PRACH transmission delay. 
As a first enhancement, NR-U can try to inherit the SSB-RO association design in the NR Rel-15, and add an associated LBT before each RO to enhance the transmit opportunities for Msg1 as discussed in Section 3.1. For example, NR Rel-15 supports configuring one or more than one SSB for each RO, and it may end up with multiple ROs, associated with the same SSB, not consecutive to each other in time domain. Then, if the LBT for an earlier RO fails, Msg1 still has opportunities to be transmitted in later configured ROs within the association period, subject to the LBT results of the later ROs. An example of this enhancement is illustrated in Figure 8. 


Figure 8 Illustration of the first enhancement method.
As another enhancement, NR-U can configure multiple consecutive ROs associated with the same SSB, and an associated LBT can be performed before each RO (there can be gap symbol(s) between neighbouring ROs among the consecutive ROs to account for LBT overhead). As a result, a UE can be configured with multiple consecutive time-domain ROs for RACH attempt, which can also increase the transmit opportunities for Msg1. Equivalently, this example can be considered as configuring an associated RO window to each SSB, wherein multiple consecutive time-domain ROs can be configured within the window. Configuring multiple consecutive time-domain ROs can greatly reduce the NR-U PRACH transmission delay, since CAT-4 LBT for NR-U PRACH has a non-deterministic duration, and the UE can utilize the first available RO among its configured ROs after successful a PRACH LBT.
In order to support configuring multiple time-domain ROs to be associated with SSBs in a consecutive manner, the SSB-RO mapping can be enhanced from NR Rel-15, e.g, time-domain first mapping; especially when the enhancement can be combined with FDMed multiple ROs. Figure 9 gives such an example where each SSB is configured with 4 consecutive ROs in the time domain (with LBTs associated to each RACH occasion), and two sets of FDMed ROs in the frequency domain. Note the PRACH LBT shall be performed over the initial active UL BWP, so the LBTs associated with FDM’ed ROs in Figure 5 may actually overlap in frequency domain.


Figure 9 Illustration of the second enhancement method.
Proposal 9: NR-U shall configure a UE with multiple Msg1 transmission opportunities within an SSB-RO association period to decrease the PRACH transmission delay.
Valid RO determination
In a NR TDD band, the system information includes the semi-static UL/DL configuration to provide the duration of the DL part, UL part as well as flexible part. Meantime, due to complex situation of possible semi-static UL/DL configuration (variable period, variable durations of DL/UL), the validation rule is finally promoted to apply to the PRACH configuration indicated via the PRACH configuration index of a table. In short, the RO indicated by the PRACH configuration index will be invalid if it is collided with DL part or a part before the end of the last SSB in the flexible part. Such rule in addition to the gap definition after the last symbol of DL part/SSB helps the UE to determine the actual valid RO within the PRACH configuration period. Note that each PRACH configuration period may have different valid ROs, thus it produces the different consistence of the SSB-RO association period, i.e., different number of PRACH configuration period in one SSB-RO association period. For example, it could be 4 PRACH configuration periods at one time but becomes 2 PRACH configuration periods after. Furthermore, to ease the burden at the UE side, instead of the always (re)-calculating the association period, NR Rel-15 defines the association pattern period which consists of one or multiple SSB-RO association period(s), in which the mapping pattern between the association pattern periods will be purely repeated. 
For NR-U, the uncertainty of the LBT outcome will add the variance to the (actually transmitted) SSB positions, as well as other DL signal transmission, making the situation of channel utilization more complicated. Method of effective determination of valid RO should be further studied, using PRACH configuration design from NR Rel-15 as a baseline. 
Proposal 10: Validation rule of RO shall be studied for NR-U.
Multiple Msg3 transmission opportunities
Similar to PRACH, a standalone transmission of Msg3 also requires a CAT-4 LBT operation. Although Msg3 can be subject to a CAT-2 LBT when the Msg3 is configured to be within the COT of RAR, RAR can include more than one UL grants (scheduled msg.3 transmission) such that it’s not always possible to put all the scheduled Msg.3(s) into the same RAR COT, e.g., when the user number is relatively large or when COT for RAR is relatively short. As a result, Msg3 transmission/re-transmission can also be subject to a significant delay due to the LBT requirement. 
Observation 2: COT based solution could not solve the impact of LBT to msg.3 transmission.
Therefore, enhancement to support multiple Msg3 transmission opportunities for NR-U can also be beneficial (which has been concluded in RAN2) to reduce the Msg3 transmission delay as well as the overall random access procedure delay. In particular, the multiple Msg3 transmission opportunities can be configured through a method without the MAC format changing, which is still using a single RAR with a single UL grant including a single time-domain resource allocation. However, additional RAN1 support is needed to indicate number of times N_tx that UE could use the indicated time domain resources in UL grant and the step gap delta_T between two candidate transmission opportunities. More details on multiple Msg3 transmission opportunities can be found in our companion contribution [4].   
Proposal 11: From scheduling multiple-msg.3 point of view, UE should be provided the number of times N_tx that UE could use indicated time domain resources in UL grant and the step gap delta_T between two candidate transmission opportunities.
4 Enhancement to RRM Measurement 
4 
5 
In Rel-13 LTE-LAA, RSSI measurement is to identify low interference carriers in unlicensed band. Specifically, RSSI measurement serves two purposes including the indication of the average channel load/usage and the detection of hidden nodes. Therefore, channel occupancy, which is the percentage of time that RSSI was above a threshold, is always reported together with the RSSI to reflect the congestion status of a given CC is reported. With the same motivation, it was agreed in the last meeting that NR-U support similar functionality of RSSI + channel occupancy reporting scheme as in LTE-LAA. 
In NR Rel-15, although RSSI is defined as a measurement quantity supported for RRM measurement purpose, RSSI measurement result (e.g NR carrier RSSI or CSI-RSSI) is not separately reported, and has to be inferred from RSRP and RSRQ, respectively. However, in NR-U, the reference signals for measuring RSRP and RSRQ may not be always transmitted due to LBT, purely relying on the indirect way of acquiring RSSI measurement may not be sufficient, especially considering RSSI is an important metric for hidden node detection in the unlicensed band. Moreover, if RSSI measurement is restricted to the resources containing reference signals for RSRP/RSRQ measurement, the interference would be over-estimated because such reference signals are more likely to be transmitted than normal data transmission with more aggressive LBT. Furthermore, in some scenarios, it would be beneficial to enable UE and gNB to perform the RSSI measurement on exactly the same resources for hidden node detection. Therefore, similar to LTE-LAA, the timing configuration for RSSI measurement (RMTC) should be configured separately from RSRP/RSRQ measurement resource. An illustration of LTE-LAA Rel-13 RMTC is shown in Figure 7, wherein a RMTC has a configurable period, a configurable offset within the period, and a configurable L1 measurement duration (e.g. L1 measurement duration is expressed in the unit of L1 averaging duration for RSSI measurement). The same framework of RMTC should also be supported for NR-U, with potential enhancement, e.g. to address the flexible numerology in NR-U. 
Proposal 12: NR-U shall support RMTC for RSSI and channel occupancy measurement, wherein a RMTC has 
· a configurable period;
· a configurable offset within the period;
· a configurable L1 measurement duration in the unit of L1 averaging duration;
· FFS: details of the configuration and L1 averaging duration.


Figure 7 Illustration of LTE-LAA RMTC.
Moreover, considering LTE LAA and WiFi system may operate on parts of NR-U BWP and NR-U downlink transmission may occupy parts or whole of the BWP where CCA is successful at gNB, it would be beneficial to support RSSI measurement over the sub-band to reflect interference of each part of BWP separately. Similarly, the channel occupancy can be reported per sub-band.   
Proposal 13: NR-U should support RSSI measurement and reporting together with channel occupancy per sub-band within a wideband.
5 Enhancement to RLM Procedure
For radio link monitoring, the downlink radio link quality of the primary NR or NR-U cell shall be monitored by a UE for the purpose of indicating out-of-sync/in-sync status to higher layers. In NR, the UE can be configured for a cell with a set of resources (e.g. SS/PBCH block and/or CSI-RS) for radio link monitoring by higher layers. The physical layer in the UE shall indicate out-of-sync to higher layers when the radio link quality is worse than the threshold Qout for all resources in the set of resources for radio link monitoring. When the radio link quality is better than the threshold Qin for any resource in the set of resources for radio link monitoring, the physical layer in the UE shall indicate in-sync to higher layers. In order to operate NR-U without any assistance from licensed carrier, the radio link monitoring is also performed by a NR-U cell. In NR-U, it is possible that gNB fails to access the channel so that RLM-RS cannot be transmitted in a set of slots configured for RLM at a UE side. In this case, the UE may declare out-of-sync unnecessarily. Therefore, modifications on Rel-15 RLM procedure were discussed in RAN1#96, and it was agreed that 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. In Proposal 3, we propose the DRS transmission periodicity is the same as SSB, such that there is no SSB transmitted outside DRS transmission window. Even in other proposals wherein there may be SSB transmitted outside DRS transmission window, depending on configuration (e.g., periodicity) of SSB and DRS, SSB(s) transmitted outside of DRS transmission window may be considered at least for maintenance of synchronization. Then, following question is whether SSB(s) other than SSBs in the DRS is necessary to be used for RLM measurement. The main motivation to limit RLM measurement in DRS transmission window is due to the fact that SSBs in DRS are more likely to be transmitted than other transmission. Therefore, it is preferred that SSBs outside the RLM measurement window is not used at least for out-of-sync evaluations. However, even within DRS window, SSBs may be dropped due to LBT failure. Whether to take such occasional absence of SSB into account for out-of-sync evaluation needs further consideration of the feasibility to differentiate SSB DTX and really poor link quality. If UE can distinguish these two cases, either L1 handling or defining a new indicator type such as DTX indication to higher layers can be considered. If an indication of gNB’s COT is transmitted to UE, SSB in the COT can be used for in-sync evaluation.
Proposal 14: RLM measurement window is the same as DRS transmission window. 
· SSB outside the RLM measurement window, if any, is not used for out-of-sync evaluation.
· If it is feasible for UE to distinguish SSB DTX and poor link quality, mechanism to handle missing SSB due to LBT failure can be considered.
6 Conclusion
The principles, observations and proposals made in this contribution are summarized below:
Principle 1: Within a PBCH TTI (i.e., 80 ms), UE assumes the MIB contents are the same in SS/PBCH blocks on the same frequency layer.
Principle 2: UE is not required to decode PBCH in the SS/PBCH block of neighboring cell(s) when performing RRM measurement.
Observation 1: The design of SS/PBCH block transmission shall take into the tradeoff among network flexibility, indication overhead, UE detection complexity, and fair coexistence.
Observation 2: COT based solution could not solve the impact of LBT to msg.3 transmission.
Proposal 1: The design of SS/PBCH block transmission in NR-U shall comply at least the following Rel-15 NR principles:
· Within a PBCH TTI (i.e., 80 ms), UE assumes the MIB contents are the same in SS/PBCH blocks on the same frequency layer.
· UE is not required to decode PBCH in the SS/PBCH block of neighboring cell(s) when performing RRM measurement.
Proposal 2: Periodicity of DRS transmission window is assumed the same as the periodicity of SS/PBCH block.
· The periodicity of DRS transmission window can be configurable from {5, 10, 20, 40, 80, 160} ms.
· UE assumes a default periodicity of 20 ms for initial access purpose.
Proposal 3: NR-U shall introduce two sets of indices for timing acquisition and QCL assumption acquisition purposes:
· SS/PBCH block potential location index, represents the potential location of an SS/PBCH block within a DRS transmission window.
· SS/PBCH block index, carries information about the QCL assumption.
Proposal 4: SS/PBCH block potential location index is carried by DMRS sequence of PBCH, and the number of DMRS sequences is increased comparing to NR Rel-15.
Proposal 5: For NR-U, UE can acquire QCL assumption for received SS/PBCH blocks within different DRS transmission windows from the DMRS sequences of PBCH in the received SS/PBCH blocks.
Proposal 6: If the flexibility for starting DRS transmission is sufficient, NR-U shall support wrapping around part of the SS/PBCH blocks in the burst not transmitted due to failed LBT to the end of the SS/PBCH burst in the DRS window, wherein the wrap-around granularity is fixed as the maximum number of SS/PBCH blocks within a DRS window; otherwise, NR-U shall support shifting all the SS/PBCH blocks in the burst to the next available location in the DRS window where LBT succeeds.
Proposal 7: NR-U shall support non-consecutive ROs within the same RACH slot, with a gap duration introduced between two neighboring ROs for the PRACH LBT resource overhead.
Proposal 8: NR-U shall prioritize time-domain enhancement option (d) and (e) for PRACH.
Proposal 9: NR-U shall configure a UE with multiple Msg1 transmission opportunities within an SSB-RO association period to decrease the PRACH transmission delay.
Proposal 10: Validation rule of RO shall be studied for NR-U.
Proposal 11: From scheduling multiple-msg.3 point of view, UE should be provided the number of times N_tx that UE could use indicated time domain resources in UL grant and the step gap delta_T between two candidate transmission opportunities.
Proposal 12: NR-U shall support RMTC for RSSI and channel occupancy measurement, wherein a RMTC has 
· a configurable period;
· a configurable offset within the period;
· a configurable L1 measurement duration in the unit of L1 averaging duration;
· FFS: details of the configuration and L1 averaging duration.
Proposal 13: NR-U should support RSSI measurement and reporting together with channel occupancy per sub-band within a wideband.
Proposal 14: RLM measurement window is the same as DRS transmission window. 
· SSB outside the RLM measurement window, if any, is not used for out-of-sync evaluation.
· FFS: Mechanism to handle missing RLM-RS due to LBT failure.
References
[1] RAN1 Chairman’s Note, 3GPP TSG RAN WG1 Meeting #96bis, Xi’an, China, April 8th – April 12th, 2019.
[2] RAN1 Chairman’s Note, 3GPP TSG RAN WG1 Meeting #94bis, Chengdu, China, October 8th –12th, 2018.
[3] R1-1906927, Discussion on time/freq-domain enhancements for RACH resources, Samsung
[4] R1-1906928, Discussion on multiple Msg. 1 transmission procedure, Samsung
[5] R1-1906929, Discussion on multiple msg.3 transmission opportunities, Samsung

image3.png
DRS transmission window
A

wrap-around granularity

wrapped around

DRS transmission window
A

shift granularity

()





image4.emf
DRS transmission window 1 DRS transmission window 2

with QCL assumption

DRS transmission window 1 DRS transmission window 2

with QCL assumption

Scheme 1a

Scheme 1b

Scheme 2


Microsoft_Visio_Drawing.vsdx

















DRS transmission window 1

















DRS transmission window 2


with QCL assumption

















DRS transmission window 1

















DRS transmission window 2


with QCL assumption














Scheme 1a
Scheme 1b
Scheme 2



image5.emf
0 1 2 3 4 5 6 7 8 9 10 11 12 13

LBT symbol

PRACH symbol

2 ROs with format A2/B2 

within PRACH slot


Microsoft_Visio_Drawing1.vsdx








0
1
2
3
4
5
6
7
8
9
10
11
12




13
LBT symbol
PRACH symbol

2 ROs with format A2/B2 within PRACH slot



image6.emf
RO1

RO2 RO3 RO4

SSB1

SSB2 SSB3 SSB4

͙�...

Association period

Mapping of SSBs and ROs

LBT LBT LBT LBT

RO

4n+1

LBT LBT LBT LBT

RO

4n+2

RO

4n+3

RO

4n+4


Microsoft_Visio_Drawing2.vsdx
RO1
RO2
RO3
RO4
SSB1
SSB2
SSB3
SSB4
… ...
Association period

Mapping of SSBs and ROs
LBT
LBT
LBT
LBT
RO
4n+1
LBT
LBT
LBT
LBT
RO
4n+2
RO
4n+3
RO
4n+4



image7.emf
RO1a

RO2a

SSB1

SSB2 SSB3 SSB4

Association period

Mapping of SSBs and ROs

ROs associated with SSB 

of respective pattern

LBT

LBT RO1b

RO2b LBT

LBT RO1c

RO2c LBT

LBT RO1d

RO2d LBT

LBT RO3a

RO4a LBT

LBT RO3b

RO4b LBT

LBT RO3c

RO4c LBT

LBT RO3d

RO4d LBT

LBT


Microsoft_Visio_Drawing3.vsdx
RO1a
RO2a
SSB1
SSB2
SSB3
SSB4
Association period


Mapping of SSBs and ROs




ROs associated with SSB of respective pattern
LBT
LBT
RO1b
RO2b
LBT
LBT
RO1c
RO2c
LBT
LBT
RO1d
RO2d
LBT
LBT
RO3a
RO4a
LBT
LBT
RO3b
RO4b
LBT
LBT
RO3c
RO4c
LBT
LBT
RO3d
RO4d
LBT
LBT





image8.emf
L1 measurement duration L1 measurement duration L1 measurement duration

offset

period

L3 filtering window

L1 averaging duration


Microsoft_Visio_Drawing4.vsdx
L1 measurement duration











































L1 measurement duration

L1 measurement duration



offset
period

L3 filtering window

L1 averaging duration



image1.png
LSB of SFN MSB of 5B

—

MIB (24 bits) i | 30| ana |15 | e |1 |ans | 3

] ]

1st-level Scrambling (cell ID + 2nd

)

Scrambled Message (26bits) [ 3ra anaf v [ st [ana | 30

i 111817
i
Scrambled Message (26 bits) 3rd fand | e |15t fand | 30| CRC (24 bits)

]

Channel Coding and Rate Matching

]

Encoded Block

]

2nd-Level Scrambling
(eell ID +3 LBs of S5B)

i

corresponding location within TTI





image2.png
i anf s

Yes

i ) P

Received Block #0After
2nd-Level De-Scrambling

Received Block #0After
De-Modulation and De-
Interleaving

I P e B

I P e B

Received Block #1After
2nd-Level De-Scrambling

Received Block #1After
De-Modulation and De-
Interleaving





