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1. Introduction
In this document, we will mainly discuss about the details of mechanism to reduce LBT, interlace structure for msgA PUSCH.

2. Discussion
MsgA configuration in consideration of LBT
In RAN1#98bis meeting and email discussion, NR-U specific topics were discussed. Especially, necessity of specific mechanisms to reduce LBTs for msgA PRACH and msgA PUSCH was emphasized in order to reduce potential latency of 2-step RACH procedure when LBT for msgA PUSCH is failed. For reduction of LBTs for msgA PRACH and msgA PUSCH, msgA should be designed based on the principle that the timing gap between msgA preamble msgA PUSCH is shorter than 16us. 
If this principle is followed, preamble format which does not contain guard time (i.e., Preamble format A1, A2, and A3) should be configured. Furthermore, depending on guard time of preamble format, other preamble format with guard time (i.e. Preamble format A1/B1, A2/B2 and A3/B3) could be configured. In NR-U, one value among two SCSs (i.e., 15kHz and 30kHz) can be configured for PRACH preamble. As shown in Table 1, in case of 15kHz SCS, the guard time of preamble format B1 can fulfil the timing gap requirement (i.e. less than 16us). Also, in case of 30kHz SCS, the guard time of preamble format B1, B2 and B3 is less than 16us. Therefore, following OFDM symbols after preamble format B1, B2 and B3 could be assigned for msgA PUSCH.
Table 1. Guard time (us) of RACH preamble format 
	Preamble format
	B1
	B2
	B3
	B4

	For 15kHz SCS
	9.375
	18.75
	28.125
	56.25

	For 30kHz SCS
	4.6875
	9.375
	14.0625
	28.125



One more consideration point for configuration is subcarrier spacing. If different SCS is configured for msgA Preamble and msgA PUSCH, switching time is required. So, it is desirable to configure same SCS for msgA preamble and msgA PUSCH.
Proposal 1: 
· For NR-U, a timing gap between msgA preamble msgA PUSCH is shorter than 16us.
· Preamble formats which does not contain guard time (i.e., Preamble format A1, A2 and A3) can be configured. Also, Preamble formats which contain short guard time (i.e., Preamble format A1/B1, A2/B2 and A3/B3) can be configured depending on subcarrier spacing.
· Same SCS for both msgA preamble and msgA PUSCH is configured.

In order to allow shorter timing gap between msgA Preamble and msgA PUSCH, following two approaches can be considered for allocating consecutive OFDM symbols for msgA Preamble and msgA PUSCH.
· 1st approach: msgA PRACH and msgA PUSCH are multiplexed in the same slot. 
· 2nd approach: msgA PRACH and msgA PUSCH are multiplexed across consecutive slots 

However, by using current RACH configuration, it is hard to assign contiguous OFDM symbol for msgA Preamble and msgA PUSCH. In Figure 1, example of RACH Occasion in a RACH slot is depicted.



Figure 1. RACH Occasion in a RACH slot (Current RACH configuration)

As shown in Figure 1, we can see that 12 OFDM symbols are used for ROs, and ROs are consecutively assigned in a RACH slot. So, it is hard to compose RACH preamble and PUSCH in a slot. Also, in current RACH configuration, there is no case that one RACH Occasion using preamble format A1, A2 and A3 is assigned at the end of slot. So, it could be difficult to assign PUSCH resource at OFDM symbols in following slot. 
In order to allow these msgA composition, we can consider RACH configuration modification. In Figure 2, an example of msgA composition based on modified RACH configuration is depicted.


Figure 2. RACH Occasion in a slot (Modification)

As described above, if the gap between msgA preamble msgA PUSCH is smaller than 16 us, there can be only one LBT in 2-step RACH procedure. 

However, for 1st approach like as Case A-1/2/3, Case C-1/2/3, we may need to further consider some implementation issue caused by power differentiation between PRACH and PUSCH can occur. In Figure 3, an example of multiplexing of msgA preamble and msgA PUSCH in same slot is depicted.



Figure 3. Multiplexing of msgA preamble and msgA PUSCH in same slot

As shown in Case C-3(a) in figure 3, msgA PUSCH can be configured after at least N symbols (e.g., N=2 for u=0 or u=1, N=4 for u=2 or u=3, and u is the SCS configuration for the active UL BWP) after end of msgA Preamble in order to provide gap time for Tx power transient before msgA PUSCH transmission. Furthermore, as shown in Case C-3(b) in figure 3, we may adopt msgA PUSCH with CP extension for NR-U instead of gap time for Tx power transient. Using this design way, we can enjoy not only reducing the number of LBT trial but also providing enough time duration for Tx power transient. 

Proposal 2: 
· For 2-step RACH in unlicensed spectrum, it is allowed that msgA Preamble and msgA PUSCH are multiplexed in the same slot.
· msgA PUSCH is configured after at least N symbols (e.g., N=2 for u=0 or u=1, N=4 for u=2 or u=3, and u is the SCS configuration for the active UL BWP) after the end of msgA Preamble.
· msgA PUSCH with CP extension can be configured at the OFDM symbol right after the end of msgA Preamble.

MsgA PUSCH structure for NR-U
In RAN1#98bis meeting, it was agreed to support the interlaced structure for the msgA PUSCH. The following discussion point is whether to support the RB level guard band between multiple POs for the msgA PUSCH transmission with interlaced structure. Regarding to the msgA PUSCH transmission with legacy NR structure, the RB level guard band can be configured by gNB (e.g., 0 or 1 PRB). Based on this agreement, similar approaches can be applied to the msgA PUSCH transmission with interlaced structure. 
First of all, it is desirable to consider that the RB level (i.e., single interlace level) guard band between multiple POs can be configured by gNB. This is because the RB level guard band may also be necessary for msgA PUSCH transmission with interlaced structure.
Moreover, if RB level (i.e., single interlace level) guard band between multiple POs is applied, it is determined which interlace index is not used for msgA PUSCH transmission. To be specific, if multiple POs are allocated contiguously in frequency domain, and if multiple interlace indexes are allocated for each PO, and if the RB level (i.e., single interlace level) guard band between multiple POs is applied, the single interlace index cannot used (e.g., punctured) for msgA PUSCH transmission, i.e., the msgA PUSCH can be transmitted by using allocated UL interlaced resources except for specific (e.g., predefined) single interlace index. For simple approaches, the punctured interlace index can be the highest interlace index (or last interlace resource in RRC configuration) among the multiple interlace indexes for each PO. 
Proposal 3: 
· Support that interlace level guard band between multiple POs can be configured when msgA PUSCH is transmitted using interlaced structure.

3. Conclusion
In this contribution, we overview issues related with LBT failure in NR-U system such as msgA configuration and structure. As a conclusion of the discussion, we summarize our views as follows:
Proposal 1: 
· For NR-U, a timing gap between msgA preamble msgA PUSCH is shorter than 16us.
· Preamble formats which does not contain guard time (i.e., Preamble format A1, A2 and A3) can be configured. Also, Preamble formats which contain short guard time (i.e., Preamble format A1/B1, A2/B2 and A3/B3) can be configured depending on subcarrier spacing.
· Same SCS for both msgA preamble and msgA PUSCH is configured.
Proposal 2: 
· For 2-step RACH in unlicensed spectrum, it is allowed that msgA Preamble and msgA PUSCH are multiplexed in the same slot.
· msgA PUSCH is configured after at least N symbols (e.g., N=2 for u=0 or u=1, N=4 for u=2 or u=3, and u is the SCS configuration for the active UL BWP) after the end of msgA Preamble.
· msgA PUSCH with CP extension can be configured at the OFDM symbol right after the end of msgA Preamble.
Proposal 3: 
· Support that interlace level guard band between multiple POs can be configured when msgA PUSCH is transmitted using interlaced structure.
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