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1. Introduction
At the RAN1#96bis meeting, initial access signals and channels for NR-U were discussed and following agreements were made [1]. 
	Agreement:
PRB/RE-interlaced PRACH is not considered further. Consider the following alternatives should be studied further as options.
· Alt 1: Legacy NR PRACH sequence of length 139 mapped to contiguous subcarriers, with repetitions in frequency
· FFS: Guard bands between repetitions
· FFS: Number of repetitions
· FFS: Whether repetitions are constrained to be contiguous in frequency or not
· Alt 2: A single PRACH sequence mapped to contiguous PRBs according to one of the following alternatives
· Alt 2.1: ZC sequence with longer length than 139
· Alt 2.2: New sequence with longer length than 139

Agreement:
Only coreset #0 lengths of 1 and 2 symbols are supported for NR-U

Agreement:
Select one of the following options in RAN1 #97:
· Alt 1: Legacy SSB positions in a slot
· Support Type0-PDCCH in symbol (#0, #1) for length-2 coreset 0 and symbol (#0) for length-1 coreset 0 at least for the first SSB in a slot
· Support Type0-PDCCH in symbol (#6, #7) for length-2 coreset 0 and symbol #6 or symbol #7 for length-1 coreset 0 for the second SSB in a slot
· FFS: configurable between symbols #6 and #7 for the length-1 coreset 0 for the second SSB in a slot
· Alt2: New SSB positions in a slot
· Support Type0-PDCCH in symbol (#0, #1) for length-2 coreset 0 and symbol (#0) for length-1 coreset 0 for the first SSB in a slot
· Support Type0-PDCCH in symbol (#7, #8) for length-2 coreset 0 and symbol (#7) for length-1 coreset 0 for the second SSB in a slot
· Alt 3: Legacy SSB positions in a slot
· Support Type0-PDCCH in symbol (#0, #1) for length-2 coreset 0 and symbol (#0) for length-1 coreset 0 for the first SSB in a slot
· Support Type0-PDCCH in symbol (#7) for coreset 0 for the second SSB in a slot



In this contribution, we discuss further on the initial access signals and channels for NR-U, including NR-U Discovery Reference Signal (DRS) design and PRACH design. 
2. Discussion on NR-U DRS
2.1	SS/PBCH block mapping pattern and Type0-PDCCH monitoring occasion within a slot
At the last RAN1 meeting, it was agreed that SS/PBCH block mapping pattern and Type0-PDCCH monitoring occasion within a slot for NR-U will be down-selected from following three alternatives.
· Alt 1: Legacy SSB positions in a slot
· Support Type0-PDCCH in symbol (#0, #1) for length-2 coreset 0 and symbol (#0) for length-1 coreset 0 at least for the first SSB in a slot
· Support Type0-PDCCH in symbol (#6, #7) for length-2 coreset 0 and symbol #6 or symbol #7 for length-1 coreset 0 for the second SSB in a slot
· FFS: configurable between symbols #6 and #7 for the length-1 coreset 0 for the second SSB in a slot
· Alt2: New SSB positions in a slot
· Support Type0-PDCCH in symbol (#0, #1) for length-2 coreset 0 and symbol (#0) for length-1 coreset 0 for the first SSB in a slot
· Support Type0-PDCCH in symbol (#7, #8) for length-2 coreset 0 and symbol (#7) for length-1 coreset 0 for the second SSB in a slot
· Alt 3: Legacy SSB positions in a slot
· Support Type0-PDCCH in symbol (#0, #1) for length-2 coreset 0 and symbol (#0) for length-1 coreset 0 for the first SSB in a slot
· Support Type0-PDCCH in symbol (#7) for coreset 0 for the second SSB in a slot
Assuming Rel-15 RMSI PDSCH mapping restriction (i.e., no rate matching around SSB and Default A pattern for RMSI PDSCH time domain resource mapping), possible DRS configurations for each alternative can be shown as in Figure 1, 2 and 3, respectively.
· Alt.1
· In case of two DRS units within a slot, length-1 CORESET#0 (Alt.1a or Alt.1b) or length-2 CORESET#0 (Alt.1c) is used.
· In case of one DRS unit within a slot, length-1 or length-2 CORESET#0 (Alt.1d or Alt.1e) is used.
· Alt.2
· In case of two DRS units within a slot, length-1 CORESET#0 (Alt.2a) or length-2 CORESET#0 (Alt.2b) is used.
· In case of one DRS unit within a slot, length-1 or length-2 CORESET#0 (Alt.2c) is used.
· Alt.3
· In case of two DRS units within a slot, length-1 CORESET#0 (Alt.3a) is used.
· In case of one DRS unit within a slot, length-1 or length-2 CORESET#0 (Alt.3b) is used.
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Figure 1: Possible DRS configurations in case of Alt.1
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Figure 2: Possible DRS configurations in case of Alt.2
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Figure 3: Possible DRS configurations in case of Alt.3

Alt.1 and Alt.3 can achieve the same SS/PBCH block mapping pattern within a slot between Rel-15 NR and NR-U. It would be able to facilitate the reuse of the procedures/implementations related to SS/PBCH block from Rel-15, such as SSB-based measurement/RLM, rate-matching around SSB and so on. Therefore, we think Alt.1 and Alt.3 should be prioritized over Alt.2 unless legacy SS/PBCH block mapping pattern within a slot has a significant issue in NR-U scenarios.
The possible motivation to change the SS/PBCH block mapping pattern within a slot from Rel-15 as in Alt.2 is to achieve the exact same mapping of SS/PBCH block and RMSI PDCCH/PDSCH within a half-slot such as Alt.2a/2b. It would be beneficial if a certain DRS unit (where one DRS unit consists of one SS/PBCH block and corresponding RMSI PDCCH/PDSCH) transmission in a first half-slot of a slot is failed due to LBT busy and is to be transmitted in a second half-slot of a slot. In addition, if RMSI PDSCH mapping type B is enhanced to support 5 and 6 symbols cases, the number of available symbols for RMSI PDSCH within a slot for first SSB within the slot (e.g., SSB#0) and that for second SSB within the slot (e.g., SSB#1) can be balanced in Alt.2 even with length-2 CORESET#0.
However, we think those potential benefits of Alt.2 are not essential and potential drawbacks of Alt.1/3 can be solved as below.
· The exact same mapping pattern for every half-slot is not essential if all possible transmission opportunities for a certain DRS unit are always fixed to either first half-slot or second half-slot. For example, if the number of DRS units for transmission within a DRS transmission window is even number, retransmission of DRS unit in first half-slot is possible only in first half-slot of other slots, and retransmission of DRS unit in second half-slot is possible only in second half-slot of other slots. Even if the number of DRS units for transmission within a DRS transmission window is odd number, such restriction is possible and it would not cause any significant drawback as long as there are multiple transmission opportunities for a DRS unit within a DRS transmission window.
· In case of two symbols for CORESET#0, even though number of available symbols for RMSI PDSCH in first DRS unit (first half-slot) and that in second DRS unit (second half-slot) could be balanced in Alt.2, the number of RMSI PDSCH symbols may or may not be sufficient as shown in Table I. RMSI PDSCH with 4 symbols are possible for all alternatives, and additional 1 symbol for RMSI PDSCH (i.e., by supporting 5 symbol PDSCH for RMSI) may not be essential. Therefore, if two symbols for CORESET#0 are necessary, we think it is beneficial to use a DRS unit size of one-slot instead of half-slot so that 12 symbols are available for RMSI PDSCH as in Alt.1d/e or Alt.3b.
Table I: Number of available REs for RMSI PDSCH
	(30kHz SCS, 51 PRBs/20MHz)
	4 symbol PDSCH
	5 symbol PDSCH
	6 symbol PDSCH
	12 symbol PDSCH

	w/o RM around SSB, 48 PRBs
	1344 REs
	1680 REs
	2016 REs
	4032 REs

	w/ RM around SSB, 48 PRBs
	1344 REs
	1920 REs
	2496 REs
	5952 REs

	w/o RM around SSB, 51 PRBs
	1488 REs
	1860 REs
	2232 REs
	4464 REs

	w/ RM around SSB, 51 PRBs
	1488 REs
	2100 REs
	2712 REs
	6384 REs



For the comparison between Alt.1 and Alt.3, actually Alt.3 is a subset of Alt.1 (i.e., Alt.3 means only Alt.1a and Alt.1d are supported and Alt.1b/1c/1e are not supported). However, limitations in Alt.3 would be meaningful. In Alt.1b/1c configurations, symbol #6 is used for the second DRS unit in a slot, and hence DRS unit size in this case is no longer a half-slot. In addition, by limiting the number of possible configurations for CORESET#0 and Type0-PDCCH monitoring occasion, it is possible to use pdcch-ConfigSIB1 in MIB to indicate some NR-U specific information e.g., DRS unit size configuration and/or number of actually transmitted SSBs within a DRS burst.
Therefore, we propose to adapt Alt.3 for NR-U.
Proposal 1: For SS/PBCH block time domain transmission pattern within a slot, SS/PBCH blocks are located at symbols (2,3,4,5) and (8,9,10,11) in the slot.
· Support Type0-PDCCH in symbol (#0, #1) for length-2 CORESET#0 and symbol (#0) for length-1 CORESET#0 for the first SSB in a slot
· Support Type0-PDCCH in symbol (#7) for CORESET#0 for the second SSB in a slot


2.2	SS/PBCH block mapping enhancement in frequency domain
Since the bandwidth of SS/PBCH block based on Rel-15 design is not enough to satisfy the OCB requirement, possible SS/PBCH block mapping enhancement in frequency domain has been discussed. In NR-U deployment scenarios where RMSI transmission is necessary, RMSI PDSCH would be multiplexed in frequency domain with SS/PBCH block for each DRS unit and hence SS/PBCH block mapping enhancement in frequency domain is not necessary. In NR-U deployment scenarios where RMSI transmission is not necessary, it is possible to multiplex CSI-RS with SS/PBCH block in frequency domain. Therefore, the frequency domain repetition of SS/PBCH block would not have an essential necessity for NR-U.
Observation 1: Frequency domain repetition of SS/PBCH block would not have an essential necessity for NR-U.


2.3	Type0-PDCCH monitoring occasion in a different slot from that containing corresponding SSB
In Rel-15, Table 13-11 in TS38.213 shows the possible Type0-PDCCH CSS set configurations for FR1 [2]. In case of indices with , SS/PBCH block and corresponding Type0-PDCCH monitoring occasions are located in different slots. It is not preferable in NR-U in terms of satisfying OCB requirement and minimizing DRS burst duration. In addition, if a configuration as shown in Figure 4 is used, relative position between RMSI PDCCH/PDSCH and corresponding SSB would need to be changed depending on LBT result, i.e., candidate SSB position used for actual transmission. It would be too complicated.
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Figure 4: 
Therefore, we propose to support the Type0-PDCCH monitoring configuration where the Type0-PDCCH candidates associated with an SSB are confined within a slot carrying the associated SSB, and we think other monitoring configurations where SS/PBCH block and corresponding Type0-PDCCH monitoring occasions are located in different slots are not necessary. In such case, the possible Type0-PDCCH monitoring configurations for NR-U can be limited to Alt.3a and Alt.3b in Figure 3 if Alt.3 is selected. 
Proposal 2: For NR-U, a UE monitors PDCCH in the Type0-PDCCH CSS set over one slot with Type0-PDCCH CSS set periodicity equal to the periodicity of SS/PBCH block. Only the following configuration for Type0-PDCCH monitoring occasion is supported.
	Index
	PDCCH monitoring occasions (SFN and slot number)
	First symbol index

	0
	


 
	

{0, if  is even}, {7, if  is odd}



If only single configuration of Type0-PDCCH monitoring occasion is supported for NR-U, 4 LSBs of pdcch-ConfigSIB1 in MIB can be used to indicate some other information necessary in NR-U. For example, 1 bit can be used to indicate DRS unit size, i.e., whether DRS unit size is one-slot or a half-slot, and remaining 3 bits can be used to indicate the number of actually transmitted SS/PBCH blocks (i.e., DRS units) within a DRS burst, i.e., {1, 2, 3, …, 8}. If these indications are provided in MIB, UE can determine QCL relationship between different candidate SS/PBCH block positions within a DRS transmission window. Hence, once a UE successfully detects a SSB, the UE can determine all candidate SSB positions and corresponding Type0-PDCCH monitoring occasions that are QCLed with the detected SSB, i.e., UE does not need to detect SSB in every DRS transmission window for Type0-PDCCH monitoring.
Proposal 3: For NR-U, following information are provided in MIB e.g., by using 4 LSBs of pdcch-ConfigSIB1.
· DRS unit size, i.e., whether DRS unit size is one-slot or a half-slot
· The number of actually transmitted SS/PBCH blocks (i.e., DRS units) within a DRS burst, i.e., {1, 2, 3, …, 8}


2.4	RMSI PDSCH resource allocation in time domain for NR-U
In Rel-15, RMSI PDSCH time domain resource allocation is Default A pattern for normal CP as defined in Table 5.1.2.1.1-2 in TS38.214 [3]. As shown in Figure 3, following existing configurations would be necessary/useful for NR-U RMSI PDSCH.
· Row index 1 ({S,L}={2,12}) would be used in case of length-2 CORESET#0 and DRS unit with one-slot size
· Row index 2 ({S,L}={2,10}) would be used in case of length-2 CORESET#0, DRS unit with one-slot size and 2 blank symbols at the end of the slot (e.g., for 1 symbol UL in the slot)
· Row index 12 ({S,L}={1,13}) would be used in case of length-1 CORESET#0 and DRS unit with one-slot size
· Row index 14 ({S,L}={2,4}) would be used for 1st SSB in a slot in case of length-1 CORESET#0 and DRS unit with half-slot size
· Row index 16 ({S,L}={8,4}) would be used for 2nd SSB in a slot in case of length-1 CORESET#0 and DRS unit with half-slot size
In addition to above configurations, we think some new configurations would be necessary/useful for NR-U RMSI PDSCH. For example, in case of length-1 CORESET#0 and DRS unit with half-slot size as Alt.3a in Figure 3, there are two symbols that carry neither SSB, RMSI PDCCH nor RMSI PDSCH in each half-slot. If PDSCH type B mapping with 6 symbols are supported, the number of REs available for RMSI PDSCH within 48 PRBs is increased from 1344 REs to 2016 REs as shown in Table I. Another example is that 1 symbol gap at the end of the slot would be beneficial to facilitate next burst transmission from the beginning of next slot. So, following configurations would also be necessary/useful for NR-U RMSI PDSCH.
· Row index 13 ({S,L}={1,6}) would be used for 1st SSB in a slot in case of length-1 CORESET#0 and DRS unit with half-slot size
· New configuration ({S,L}={8,6}) would be used for 2nd SSB in a slot in case of length-1 CORESET#0 and DRS unit with half-slot size
· New configuration ({S,L}={1,12}) would be used in case of length-1 CORESET#0, DRS unit with one-slot size and 1 blank symbols at the end of the slot
· New configuration ({S,L}={2,11}) would be used in case of length-2 CORESET#0, DRS unit with one-slot size and 1 blank symbols at the end of the slot

Therefore, we propose to define new RMSI PDSCH time domain resource allocation table for NR-U.
Proposal 4: For NR-U, the new RMSI PDSCH time domain resource allocation table is defined with at least following configurations.
· Existing configurations of Row index {1, 2, 12, 13, 14, 16}
· New configurations with {S,L}={8,6}, {1,12}, {2,11}


2.5	RMSI PDSCH rate matching around SS/PBCH block
In Rel-15, when receiving the PDSCH scheduled with SI-RNTI and the system information indicator in DCI is set to 0, the UE shall assume that no SS/PBCH block is transmitted in REs used by the UE for a reception of the PDSCH [3]. Therefore, in case of PDSCH mapping on symbols including SS/PBCH block symbols, PDSCH resource allocation on PRBs within SS/PBCH block bandwidth is not allowed for RMSI. 
However, it may cause a potential issue in NR-U. The issue is regarding Tx power fluctuation. If SS/PBCH block PRBs on symbols not containing SS/PBCH block are unused, Tx power on symbols containing SS/PBCH block and that on other symbols would be quite different. 
On the other hand, if the RMSI PDSCH rate matching around SS/PBCH block is defined for NR-U, the number of available REs for RMSI PDSCH can be increased. For example, as shown in Table I, in case of 6 and 12 symbols PDSCH, the number of REs available for RMSI PDSCH within 48 PRBs can be increased from 2016 and 4032 REs to 2496 and 5952 REs, respectively.
Therefore, we propose to define the UE rate matching behavior around candidate SS/PBCH block transmission resources for receiving RMSI PDSCH. In such case, DMRS for PDSCH cannot be located on SS/PBCH block PRBs on symbols containing SS/PBCH block. So, for the channel estimation for RMSI PDSCH, the use of DMRS for PBCH in addition to DMRS for PDSCH would be necessary.
Proposal 5: For NR-U, the UE rate matching behaviour around candidate SS/PBCH block transmission resources for receiving RMSI PDSCH is defined.
· If the scheduled RMSI PDSCH resource collides with candidate SS/PBCH block transmission resource except for the resource of SS/PBCH block associated with the scheduled RMSI, UE assumes that PDSCH is transmitted on the resource (i.e., SS/PBCH block is not transmitted on the resource).


3. Discussion on NR-U PRACH
At the last RAN1 meeting, the waveform design for NR-U PRACH was discussed and following alternatives were identified.
· Alt 1: Legacy NR PRACH sequence of length 139 mapped to contiguous subcarriers, with repetitions in frequency
· FFS: Guard bands between repetitions
· FFS: Number of repetitions
· FFS: Whether repetitions are constrained to be contiguous in frequency or not
· Alt 2: A single PRACH sequence mapped to contiguous PRBs according to one of the following alternatives
· Alt 2.1: ZC sequence with longer length than 139
· Alt 2.2: New sequence with longer length than 139

Basically, we think it is preferable to use legacy PRACH as long as it can meet temporary allowance of OCB requirement. However, because there may be some region in which the temporal allowance cannot be applied, wideband PRACH waveform such as Alt 1 or Alt 2 above would be necessary for NR-U operation. Alt 1 seems good in terms of less specification and implementation impacts. However, as we observed in [4], the timing error may increase with repetition in frequency domain due to multiple peaks of correlation coefficient. 
On the other hand, Alt 2 doesn’t need to be concerned about timing error like Alt 1. Additionally, the PRACH capacity can be increased even if the large PRACH capacity may not be necessary for NR-U. Therefore, in terms of performance, it seems better to support Alt 2. One of potential concerns for Alt 2 is implementation complexity to support a new sequence which is not supported in Rel-15 NR.
Observation 2:  Legacy NR PRACH sequence of length 139 mapped to contiguous subcarriers, with repetitions in frequency domain may cause timing error due to multiple peaks of correlation.
Observation 3:  A single PRACH sequence mapped to contiguous PRBs may be better in terms of detection performance with higher capacity, but the implementation impact should be considered.
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4. Conclusion
In this contribution, we discussed on the initial access signals and channels for NR-U, including NR-U Discovery Reference Signal (DRS) design and PRACH design. Based on the discussion, we made following proposals and observations.
Proposal 1: For SS/PBCH block time domain transmission pattern within a slot, SS/PBCH blocks are located at symbols (2,3,4,5) and (8,9,10,11) in the slot.
· Support Type0-PDCCH in symbol (#0, #1) for length-2 CORESET#0 and symbol (#0) for length-1 CORESET#0 for the first SSB in a slot
· Support Type0-PDCCH in symbol (#7) for CORESET#0 for the second SSB in a slot
Observation 1: Frequency domain repetition of SS/PBCH block would not have an essential necessity for NR-U.
Proposal 2: For NR-U, a UE monitors PDCCH in the Type0-PDCCH CSS set over one slot with Type0-PDCCH CSS set periodicity equal to the periodicity of SS/PBCH block. Only the following configuration for Type0-PDCCH monitoring occasion is supported.
	Index
	PDCCH monitoring occasions (SFN and slot number)
	First symbol index

	0
	


 
	

{0, if  is even}, {7, if  is odd}


Proposal 3: For NR-U, following information are provided in MIB e.g., by using 4 LSBs of pdcch-ConfigSIB1.
· DRS unit size, i.e., whether DRS unit size is one-slot or a half-slot
· The number of actually transmitted SS/PBCH blocks (i.e., DRS units) within a DRS burst, i.e., {1, 2, 3, …, 8}
Proposal 4: For NR-U, the new RMSI PDSCH time domain resource allocation table is defined with at least following configurations.
· Existing configurations of Row index {1, 2, 12, 13, 14, 16}
· New configurations with {S,L}={8,6}, {1,12}, {2,11}
Proposal 5: For NR-U, the UE rate matching behaviour around candidate SS/PBCH block transmission resources for receiving RMSI PDSCH is defined.
· If the scheduled RMSI PDSCH resource collides with candidate SS/PBCH block transmission resource except for the resource of SS/PBCH block associated with the scheduled RMSI, UE assumes that PDSCH is transmitted on the resource (i.e., SS/PBCH block is not transmitted on the resource).
Observation 2:  Legacy NR PRACH sequence of length 139 mapped to contiguous subcarriers, with repetitions in frequency domain may cause timing error due to multiple peaks of correlation.
Observation 3:  A single PRACH sequence mapped to contiguous PRBs may be better in terms of detection performance with higher capacity, but the implementation impact should be considered.
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