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 Introduction
[bookmark: OLE_LINK1][bookmark: OLE_LINK16][bookmark: OLE_LINK2][bookmark: OLE_LINK15]In RAN #82 meeting, the new WI proposal on “NR-based Access to Unlicensed Spectrum” (NR-U) was approved [1]. This WI targets to specify NR enhancements for a single global solution framework operating in unlicensed bands, e.g., 5 GHz and 6 GHz. In the WID of NR-U, it describes about specifying support for discovery reference signal DRS design, PRACH. During NR-U SI stage, some agreements have been reached and can be regarded as a starting point for NR-U research in WI phase. In RAN1 #96bis [2], some agreements about DRS and PRACH were further reached:
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
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
In this contribution, we share our views on initial access signals and channels for NR-U, including DRS design, PRACH design in the frequency domain.
 DRS design
2.1 SS/PBCH block pattern in time domain
As agreed in previous meetings, RAN1 supports configuration by higher layers of 15 kHz or 30 kHz SCS for SS/PBCH block, with further down-selection between the two options of SS/PBCH block pattern. The legacy SS/PBCH block pattern in Alt 1 and Alt 3 in RAN1 #96bis (at symbols (2, 3, 4, 5) and (8, 9, 10, 11) in the slot) corresponds to Case A with 15 kHz SCS and Case C with 30 kHz SCS in Rel-15 NR. The new SS/PBCH block pattern in Alt 2 (at symbols (2, 3, 4, 5) and (9, 10, 11, 12) in the slot) is symmetrical in half of a slot, which is a new pattern different from those in Rel-15 specification. The patterns of SS/PBCH block in Alt 1/3 and Alt 2 are illustrated in Figure 1. Case B with 30 kHz SCS in Rel-15 NR was excluded for NR-U in RAN1 #96 meeting.
Since one SS/PBCH block is defined in each half slot, it is natural to set a DRS shift granularity to be a half slot. The new SS/PBCH pattern can facilitate the half slot shift where DRSs in the first half slot and the second half slot have the same structure. Such identical pattern of SS/PBCH blocks in every half slot is more suitable for designing CORESET#0 and RMSI PDSCH. CORESET#0 can start from the beginning of any half a slot (i.e. symbol #0 or #7) regardless which of the two symbols. This reduces the implementation complexity at UE. Further, more time/frequency resources can be used to carry RMSI PDSCH in the first half slot. Therefore, the new SS/PBCH block pattern in Alt 2 is preferred.
[image: ]
Figure 1 SS/PBCH block mapping patterns
Proposal 1: The new pattern of SS/PBCH block is preferred for NR-U, i.e. two SS/PBCH blocks are located in symbols (2, 3, 4, 5) and (9, 10, 11, 12) in a slot respectively.
2.2 Multiplexing pattern between SS/PBCH block and RMSI PDCCH/PDSCH
2.2.1 The slot for starting monitoring Type-0 PDCCH
For stand-alone (SA) or dual-connectivity (DC) scenarios, DRS should include at least SS/PBCH block, RMSI PDCCH/PDSCH. These reference signals and channels may be multiplexed as part of DRS in a same short time (a slot or a half slot is preferred) to minimize the DRS duration, in order to use higher priority LBT (e.g. Cat-2), to reduce the times of channel access and meet the OCB requirements. Thus, these DRS components should not span cross multiple slots with each other, which not only leads to a longer DRS duration, but also generates possible multiple gaps in time domain.






For multiplexing pattern 1 of the SS/PBCH block and CORESET in Rel-15 NR, a UE monitors PDCCH in the Type0-PDCCH CSS set over two consecutive slots starting from slot . For SS/PBCH block with index , the UE determines an index of slot  as . Wherein  (1/2, 1, or 2) and (0, 2, 5, or 7) are provided by Tables 13-11 in 3GPP TS 38.213 that is copied below. The index for the first symbol of the CORESET in the slot is the first symbol index provided by Table 13-11. 
3GPP TS 38.213 Table 13-11: Parameters for PDCCH monitoring occasions for Type0-PDCCH CSS set - SS/PBCH block and CORESET multiplexing pattern 1 and FR1
	Index
	

	Number of search space sets per slot
	

	First symbol index

	0
	0
	1
	1
	0

	1
	0
	2
	1/2
	


{0, if  is even}, {,（=1,2,3） if  is odd}

	2
	2
	1
	1
	0

	3
	2
	2
	1/2
	


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

	4
	5
	1
	1
	0

	5
	5
	2
	1/2
	


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

	6
	7
	1
	1
	0

	7
	7
	2
	1/2
	


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

	8
	0
	1
	2
	0

	9
	5
	1
	2
	0

	10
	0
	1
	1
	1

	11
	0
	1
	1
	2

	12
	2
	1
	1
	1

	13
	2
	1
	1
	2

	14
	5
	1
	1
	1

	15
	5
	1
	1
	2

















However, if  = 1 or 2, the slot carrying SS/PBCH block i and the slot  for starting monitoring corresponding Type-0 PDCCH are not in the same slot. They are evenly separated by several slots depending on the configuration of parameter  and . Figure 2 shows the slot  for starting monitoring Type-0 PDCCH and monitoring window for each SS/PBCH block i with the parameter M = 2, 1, and 1/2 in Rel-15 NR. From Figure 2(a) and 2(b), it is observed that SS/PBCH block i (i > 0) and associated Type-0 PDCCH can hardly be located in a same slot if M is configured to 2 or 1 even assuming offset O equals to zero. Only when  = 1/2 and = 0 or 5 as shown in Figure 2(c), can SS/PBCH block  i  and its corresponding Type-0 PDCCH  belong to a same slot. Thus only index #1 ( = 0 or 5, and = 1/2) in Table 13-11 in 3GPP TS 38.213 should be supported for NR-U. Furthermore, UE can monitor Type-0 PDCCH in only one slot i.e. slot . First symbol index should be changed from “{0, if  is even}, {,（=1,2,3） if  is odd}” to  “{0, if  is even}, {7, if  is odd}”.  Figure 2(c) illustrates the locations of SS/PBCH block i, associated Type-0 PDCCH, and monitoring window (one slot).
            [image: ]
(a) M = 2, O = {0, 2, 5, 7}, the length of Type-0 PDCCH monitoring window = 2 slots
[image: ]
(b) M = 1, O = {0, 2, 5, 7}, the length of Type-0 PDCCH monitoring window = 2 slots
[image: ]
(c) M = 1/2, O = {0, 2, 5, 7}, the length of Type-0 PDCCH monitoring window = 2 slots
[image: ]
(d) M = 1/2, O =0  (if half frame bit = 0) or O =5  (if half frame bit = 1), the length of Type-0 PDCCH monitoring window = 1 slot

Figure 2 Slot  for starting monitoring Type-0 PDCCH and monitoring window for SS/PBCH block i








Proposal 2: For NR-U, only configuration parameter = 0 or = 5, and = 1/2 in Table 13-11 in 3GPP TS 38.213 should be supported to let SS/PBCH block and corresponding Type-0 PDCCH in the same slot. Wherein, first symbol index for starting monitoring Type-0 PDCCH should be changed from “{0, if  is even}, {,（=1,2,3） if  is odd}” to  “{0, if  is even}, {7, if  is odd}”.
2.2.2 Location of RMSI PDCCH
As analyzed in Section 2.1, the new SS/PBCH block pattern in Alt 2 is symmetrical in half of a slot which can facilitate half slot shift of DRS, while the legacy pattern in Alt 1 and Alt 3 cannot. In addition, The length-2 CORESET#0 pattern in Alt 1 has no gap for LBT before the second SS/PBCH block in a slot, and it will also impact on SIB1 capacity and range of the first SS/PBCH block. In Alt 3, CORESET#0 in first half-slot supports length-2 configuration, but CORESET#0 in second half-slot only support length-1 configuration. That is a rather awkward situation. We think that all the signals and channels in DRS, especially for SS/PBCH block and CORESET#0, regardless in the first half slot or in the second half slot, should have unified designs. Figure 3 shows two examples of multiplexing pattern between SS/PBCH block and RMSI PDCCH/PDSCH. SS/PBCH blocks are located in symbols (2, 3, 4, 5) and (9, 10, 11, 12) in a slot as given in Alt 2. As suggested in Proposal 2, CORESET#0 should start from symbol #0 in the first half slot and symbol #7 in the latter half slot. In order not to affect the transmission of SS/PBCH block, the number of CORESET#0 symbols can be configured to {1, 2} that had been agreed in RAN1#96bis meeting. As a consequence, 3-symbol configuration of CORESET#0 is not supported for NR-U. Moreover, Symbol #1 and #8 are not recommended to be the starting symbols for CORESET#0. If this is done, only one symbol (symbol #1 or #8) in half-slot can be configured for CORESET#0. It also leads to insufficient resources for RMSI PDSCH. As shown in Figure 3, symbol (#0) or symbol (#0, #1) can be configured as CORESET#0 locations for the first SS/PBCH block in a slot, and symbol (#7) or  symbol (#7, #8) can be configured as CORESET#0 locations for the second SS/PBCH block in a slot. Thus, Alt 2 is preferred.  
[image: ]Figure 3 Multiplexing pattern between SSB and RMSI PDCCH/PDSCH, assuming SSB in symbols {2, 3, 4, 5} and {9, 10, 11, 12}.
Proposal 3: RAN1 should support Alt 2 (new SSB positions in a slot) among the candidates in RAN1#96bis agreements:
· 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
2.2.3 RMSI PDSCH rate matching around SS/PBCH blocks
In Rel-15 NR, 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. This assumption would prevent RMSI PDSCH from being scheduled in time-frequency resources containing SS/PBCH blocks. One method is that RMSI PDSCH is only scheduled in frequency resources below or above SS/PBCH blocks, which will result in too few available REs/RBs to carry RMSI. Therefore, above assumption in 3GPP TS 38.214 should be revisited. RMSI PDSCH should be able to be rate matched around SS/PBCH blocks as shown in Figure 3.  
Proposal 4: For NR-U, RMSI PDSCH should be able to be rate matched around SS/PBCH blocks in DRS occasion. The assumption for RMSI PDSCH and SS/PBCH blocks in 3GPP TS 38.214 should be revisited.
2.2.4 Default PDSCH SLIV table changes
For the mapping patterns based on half slot structure as shown in above Figure 3(a) and 3(b) in Section 2.2.2, there is no time-domain gap in the slot containing two SS/PBCH blocks. If the duration of a DRS occasion is longer than one slot (e.g. two slots), or DRS duration equals to one slot and only one DRS needs to be sent successfully in the DRS transmission window, or DRS duration equals to one slot and the DRS is sent at the last candidate position in the DRS transmission window, the time-domain gap is not needed inside a slot. 
In addition to the mapping patterns as shown in Figure 3(a) and (b), there are still some other mapping patterns for RMSI PDSCH. In Figure 4, DRS duration equals to half slot, and one symbol gap is inserted at the end of every half slot for LBT before next DRS transmission. In Figure 5, the duration of one DRS consisting of two SS/PBCH block occasions equals to one slot, and one symbol gap for LBT is inserted at the end of every slot. 
[image: ]
Figure 4 Mapping based on half slot structure: symbol #6 and #13 is emptied for LBT
[image: ]
Figure 5 Mapping based on half slot structure: symbol #13 is emptied for LBT
The mapping patterns for RMSI PDSCH in Figure 3/4/5 are based on half-slot structure, namely, configuring one CORESET#0 and one corresponding RMSI PDSCH in each half slot. Another possibility is to configure only one CORESET#0 in a slot, and to map RMSI PDSCH to remaining resources of the slot as shown in Figure 6 and 7.
[image: ]
Figure 6 Mapping based on slot structure: no gap in a slot 
[image: ]
Figure 7 Mapping based on slot structure: symbol #13 is emptied for LBT 
According to above mapping patterns, default PDSCH SLIV (start and length indicator value) table in Table 5.1.2.1.1-2 in 3GPP TS 38.214 should be revised to support more possibilities of the combinations of the start symbol S and the allocation length L. Table 1 summarizes the combinations required by NR-U and whether they are supported in the existing Rel-15 NR specification (row index is given in Table 5.1.2.1.1-2 in 3GPP TS 38.214).
Table 1 Combinations of the start symbol S and the allocation length L for NR-U
	Case
	CORESET#0
	S
	L
	Rel-15 NR Status

	Case 0
(Mapping based on half-slot structure. 
No gap in a slot)
	Figure 3 (a)
(one symbol)
	Symb #0
	1
	6
	Already support (row index = 13)

	
	
	Symb #7
	8
	6
	Not support

	
	Figure 3 (b)
(two symbols)
	Symb #0 and #1
	2
	5
	Already support (row index = 5)

	
	
	Symb #7 and #8
	9
	5
	Not support

	Case 1
(Mapping based on half-slot structure. 
A gap at the last symbol in every half slot for LBT)
	Figure 4 (a)
(one symbol)
	Symb #0
	1
	5
	Not support

	
	
	Symb #7
	8
	5
	Not support

	
	Figure 4 (b)
(two symbols)
	Symb #0 and #1
	2
	4
	Already support (row index = 14)

	
	
	Symb #7 and #8
	9
	4
	Already support (row index = 6)

	Case 2
(Mapping based on half-slot structure. 
A gap at the last symbol in every slot for LBT)
	Figure 5 (a)
(one symbol)
	Symb #0
	1
	6
	Already support (row index = 13)

	
	
	Symb #7
	8
	5
	Not support

	
	Figure 5 (b)
(two symbols)
	Symb #0 and #1
	2
	5
	Already support (row index = 5)

	
	
	Symb #7 and #8
	9
	4
	Already support (row index = 6)


	Case 3
(Mapping based on slot structure. 
No gap in a slot)
	Figure 6 (a)
(one symbol)
	Symb #0
	1
	13
	Already support (row index = 12)

	
	Figure 6 (b)
(two symbols)
	Symb #0 and #1
	2
	12
	Already support (row index = 1)

	Case 4
(Mapping based on slot structure. 
A gap at the last symbol in every slot for LBT)
	Figure 7 (a)
(one symbol)
	Symb #0
	1
	12
	Not support

	
	Figure 7 (b)
(two symbols)
	Symb #0 and #1
	2
	11
	Not support



Proposal 5: For NR-U, additional combinations of the start symbol S and the allocation length L can be supported in default PDSCH SLIV table as follows, assuming SSB located in symbols {2, 3, 4, 5} and {9, 10, 11, 12} with Alt 2:
· Case 0 (based on half-slot structure, and no gap in a slot): {S=8, L=6},  {S=9, L=5}
· Case 1(based on half-slot structure, and a gap at last symbol in every half slot for LBT): {S=1, L=5},  {S=8, L=5}
· Case 2(based on half-slot structure, and a gap at last symbol in every slot for LBT): {S=8, L=5}
· Case 3(based on slot structure, and no gap in a slot):already supported
· Case 4(based on slot structure, and a gap at the last symbol in every slot for LBT): {S=1, L=12}, {S=2, L=11}
2.3 DRS pattern in frequency domain
According to ETSI regulation in 5 GHz band [3], the Occupied Channel Bandwidth (OCB), defined to be the bandwidth containing 99% of the power of the signal, shall be between 80% and 100% of the Nominal Channel Bandwidth (NCB). The OCBs of an SS/PBCH block with SCS 15 kHz, 30 kHz are equal to 3.6 MHz, 7.2 MHz respectively. Take an SS/PBCH block with SCS 15 kHz in 5 GHz band as an example. It is almost impossible to meet the OCB requirements if used alone. For SA and DC scenarios, SS/PBCH block as a necessary component can be multiplexed and transmitted with other downlink signals or channels, e.g. RMSI PDCCH/PDSCH as analyzed in Section 2.2. In this case, meeting OCB requirements may not be a problem. However, at least for CA scenario (NR-U cell as a SCell), how to satisfy OCB requirements needs to be further considered. The following method can be considered:
· Alt-1: Repeat the SS/PBCH block transmission in frequency domain 
Repeated SS/PBCH blocks in frequency domain can use a same SS/PBCH block index and are transmitted in a same beam direction. Or different SS/PBCH block positions in the frequency domain can correspond to the different beam indices. Once the gNB detects that the current channel is idle, it can send SS/PBCH blocks in multiple beam directions to multiple UEs. In DC and SA scenarios, Alt-1 with multiple repeated SS/PBCH blocks in frequency domain may cause confusion to the UEs accessing to PCell or PSCell. But in CA scenario, it is a feasible solution to satisfy OCB requirements for SCell transmission.


Figure 8 FDM multiplexing between SS/PBCH Blocks
· Alt-2: SS/PBCH block and CSI-RS multiplexing in frequency domain
According to RAN1#94 meeting conclusion, it has been identified that multiplexing of SS/PBCH block and CSI-RS is beneficial for meeting OCB requirements in sub-7GHz. CSI-RS in Rel-15 NR is flexible enough to support such configuration. Furthermore, CSI-RS can also be used as a component of DRS. Multiplexing of CSI-RS and SS/PBCH block in frequency domain is also beneficial for more efficient compacting DRS in time.
· Alt-3: SS/PBCH block and RMSI PDSCH multiplexed in frequency domain.
As discussed in Section 2.2, multiplexing RMSI PDSCH with SS/PBCH block in FDM manner can be supported to meet the OCB requirement if NR-U DRS includes RMSI PDSCH. It can also be beneficial for compacting DRS duration and increasing resources to deliver RMSI PDSCH.
Proposal 6: To meet OCB regulation requirements, the following methods can be considered:
· Alt-1: Repeat the SS/PBCH transmission in frequency domain
· Alt-2: SS/PBCH block and CSI-RS multiplexed in frequency domain
· Alt-3: SS/PBCH block and RMSI PDSCH multiplexed in frequency domain
· Alt-4: via implementation (e.g. scheduling)
2.4 DRS transmission window, periodicity, candidate opportunities
In RAN1 #96bis meeting, the duration of the DRS transmission window in NR-U was agreed to be 5 ms. As for the period of DRS transmission window, LTE-LAA supports 40ms, 80ms and 160ms. NR supports 5 ms, 10 ms, 20 ms, 40 ms, 80 ms, and 160 ms for the period of SSB burst set. Compared with LTE-LAA, NR-U supports DC and SA in addition to CA scenarios. For DC and SA scenarios, UE has the requirement of fast initial access. Based on this, considering the existing periods supported by NR and the requirement of NR-U, we suggest that the minimum period of DRS transmission window can be 20 ms or even lower.  
Proposal 7: The minimum value of periods for DRS transmission window can be configured as 20 ms or even lower. 
[bookmark: OLE_LINK12]Further, DRS duration for LTE-LAA is less than 1 ms, i.e. occupying 12 symbols. In NR-U, SS/PBCH block patterns are SCS dependent, resulting in different durations of NR-U DRS for different SCS. e.g., for 15 kHz SCS, DRS duration may be 1 ms and for 30 kHz SCS, DRS duration is 0.5 ms. Besides, for case of neighbor two SS/PBCH blocks with different beam directions, it is necessary to perform LBT before SS/PBCH block transmission with beam switching, which may reduce the channel utilization to some extent. In order to minimize the gap within DRS duration, the features of existing multiplexing signals/channels such as RMSI PDCCH/PDSCH, Paging, OSI and CSI-RS with SS/PBCH block within DRS duration needs to be considered. Based on the above discussion, we think that the decision of NR-U DRS duration depends on aspects such as the design of multiplexing signal/channel, subcarrier spacing of SS/PBCH block and whether to support beam switching. Preferably, NR-U DRS duration is less than or equal to 1ms.
Proposal 8: DRS duration within the DRS transmission window is determined depending on some aspects such as the design of multiplexing signal/channel, subcarrier spacing of SS/PBCH block and whether to support beam switch. Preferably, DRS duration is less than or equal to 1ms.
Proposal 9: In order to achieve no time-domain gap in DRS, the following methods can be considered:
· fill in existing signals/channels (e.g., CSI-RS, OSI, Paging) in addition to RMSI PDCCH/PDSCH
· via implementation, which is similar to the processing of blank symbols in LTE-LAA DRS. 
 PRACH design
3.1 PRACH frequency mapping and Sequence Design
[bookmark: OLE_LINK26]According to the agreement in RAN1#96bis, PRB/RE-interlaced PRACH will not be considered in Rel-16, due to its inferior performance in terms of uncontrollable false alarm probability in high SNR[4] and the unacceptable mis-detection rate [5], e.g., non-uniform has the worst timing performance than frequency repeat method[4]. 
The following alternatives should be studied further.
· 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
[bookmark: OLE_LINK17]It is observed that Alt 1 supports legacy NR PRACH sequence of length 139, and can reduce the specification and implementation efforts. Alt2 is a single PRACH sequence which is longer length than 139 mapped to contiguous PRBs, new sequence length and sequence type require further study on its performance, which can be quite time consuming and may require significant specification effort.
Many companies provided PRACH link level simulation results of the case Alt1 last meeting. It has better performance in terms of mis-detection probability/false alarm rate/timing estimation error compared to NR Rel-15. Hence, we do not see the strong need to re-evaluate 139-length sequence to determine if the sequence is suitable for initial access to the NR-U, simply because LTE and NR have evaluated 139-length sequence extensively. It requires a lot of simulations to find a suitable and robust new sequence type and sequence length. Compared with Rel-15 NR and Alt1, it is unclear whether the new sequence type and the new sequence length have performance gains.

[bookmark: OLE_LINK20]Figure 9 Frequency mapping of PRACH sequences: (a) Repeat 4 times without gap; (b) Repeat 2 times with gap
In Figure 9, the bandwidth of channel is 20 MHz and SCS is 30 kHz. For a PRACH preamble with sequence length by 139, it occupies 12 PRBs (139 subcarriers + 5 subcarriers as guard-tones) in the frequency domain. As shown in Figure 9, a PRACH with the preamble repetition with no gap by 4 times occupies 47 PRBs in frequency domain, meanwhile, a PRACH with the preamble repetition with gap by 2 times occupies two non-continuous parts of PRB set in frequency domain. Both of them satisfy OCB requirement. 
[image: ]
Figure 10 Complementary CDF of cubic metric (CM) for various repetitions of 139-length sequences 
Table 2 95th percentile CM
	Design
	[bookmark: OLE_LINK21]95th percentile CM [dB]

	Rel-15
	2.3

	Repetition 2 times with gap
	4.9

	[bookmark: OLE_LINK19]Repetition 4 times with no gap
	5.4



Figure 10 shows the complementary CDF of cubic metric of various repetitions of 139-length sequences. It is observed that the CM of the PRACH with 4 repetitions with no gap is slightly higher than the PRACH with 2 repetitions with gap in 95th percentile. As showed in Table 2, the difference between the two mapping type is 0.5dB.
In Table 3, the P_max value of the PRACH with 2 repetitions with gap is 19.2 dBm, and the P_max value of the PRACH with 4 repetitions with no gap is 22.2 dBm, where the P_max is calculated based on the  regulations PSD of 10 dBm/MHz.For P_TX, 
P_TX = min(P_max, 23- Backoff), where backoff is computed as 95% percentile of CCDF of [cubic metric] over the preambles in the RO.
So the P_TX is 18.1 dBm and 17.6 dBm for 2 repetitions with gap and 4 repetitions with no gap respectively.
[bookmark: OLE_LINK3]The MCL value of the PRACH with 2 repetitions with gap is 128.1dB, and the MCL value of the PRACH with 4 repetitions with no gap is 127.4dB. It is seen that the P_TX and MCL value difference between the two are relatively small.
[bookmark: _GoBack][bookmark: OLE_LINK22]Table 3 PRACH frequency mapping parameter 
	Parameter
	Value
	Value
	Value
	Notes

	Scheme
	ZC139x1
	ZC139x2 with gap
	ZC139x4 with no gap 
	Eg. Alt4-ZC139x2

	SCS
	30KHz
	30KHz
	30KHz
	15KHz or 30KHz

	PRACH sequence length (L_RA)
	139
	139
	139
	Eg. 139, 

	# of repetition (R)
	1
	2
	4
	If repetition of sequence is used in freq domain

	N_cs

	13
	13
	13
	Eg. 11

	# of RBs used for one RO (N_RB)
	12
	24
	47
	# of RBs occupied by PRACH. Eg. 12 for ZC139 design

	RACH frequency occupancy (MHz)
	4.17
	8.34
	16.68
	The actually used bandwidth with one RO, SCS*L_RA*R

	Noise level, Np (dBm)
	-102.8
	-99.8
	-96.8
	Np= -174+10*log10(SCS*L_RA*R)+NF
NF=5dB

	SNR (dB)
	-5.6
	-10.2
	-13.0
	SNR needed at 1% misdetection, read from simulation curve

	P_max (dBm)
	16.2
	19.2
	22.2
	Maximum allowed transmit power under PSD limit of 10dBm/MHz measured in any 1MHz chunk and considers the RBs used by the proposed scheme

	Backoff (dB)
	2.3
	4.9
	5.4
	Backoff is computed as 95% percentile of CCDF of [cubic metric] over the preambles in the RO. Note: If cubic metric is not used, information on the backoff metric used should be provided.

	P_TX (dBm)
	16.2
	18.1
	17.6
	P_TX=min(P_max, 23- Backoff) is maximum allowed transmit power for the waveform considering backoff

	MCL (dB)
	124.6
	128.1
	127.4
	MCL = P_TX-SNR-Np

	N_FDM
	4
	1
	1
	# of ROs in 20MHz

	N_TDM
	2
	2
	2
	# of ROs in 1ms



Based on the above discussion, considering the impacts on NR specification, we suggest that Alt1 (i.e., legacy NR PRACH sequence of length 139 mapped to contiguous subcarriers, with repetitions in frequency) can be supported for NR-U.
[bookmark: OLE_LINK24]Both 2 repetitions and 4 repetitions can be further studied for PRACH.
Proposal 10: Legacy NR PRACH sequence of length 139 mapped to contiguous subcarriers, with repetitions in frequency can be supported for NR-U.
Proposal 11: For Alt1, both 2 repetitions and 4 repetitions can be further studied.
3.2 PRACH Numerology
In Rel-15, the short sequence with length of 139 is supported in NR. SCSs supported for short sequence are 15/30 kHz in below 6 GHz. The short sequence is designed for small cell scenarios and NR-U is primarily used in small cell scenario. Naturally, SCSs with 15/30 kHz should be supported for the short sequence at least in below 7G for NR-U. 
Proposal 12: SCSs with 15 and 30 kHz should be supported in below 7 GHz for NR-U.
3.3 LBT Gaps between RACH occasions
In Rel-15 NR, back to back RACH occasions in time can be configured. In NR-U, a UE has to perform LBT before transmitting RACH preamble. UE may be blocked by a RACH transmission of another UE in the previous RACH occasion.
However, the PRACH blocking issue is not a serious problem since it can be solved easily by implementation. In lightly loaded scenarios, RO occupancy ratio is relatively low, and then the probability of blocking due to continuous RO occupancy is very low. In the medium load, it may configured ROs with non-continuous in time domain to avoid potential blocking of LBT. In the heavily loaded scenario, the UE may be blocked due to high RO occupancy ratio. However, the UE is not hurry to access a heavily loaded cell, since the UE may not have high quality cell service even if it gets access. The better choice is that the UE should try to select other cells with lower load in this case.
Based on the above discussion, the enhancements to PRACH preamble formats to introduce LBT gaps in time domain between PRACH occasions is not necessary and should not be supported in Rel-16.
Proposal 13: The enhancement to PRACH preamble formats to introduce LBT gaps in time domain between PRACH occasions is not necessary and should not be supported in Rel-16.
3.4 PRACH formats
In RAN1#96bis, legacy NR PRACH sequence of length 139 or longer may be supported. For NR-U, only short preamble formats are required to be supported since NR-U mainly targets for the small cell scenarios with a shorter coverage range.
As shown in Table 4, format A and format B seem sufficient. For example, A3/B4 can already support a maximum cell radius of at least 1.7 km with 30 kHz PRACH SCS and 3.4 km with 15 kHz PRACH SCS. Format C supports too large maximum cell radius, which is not suitable for NR-U. Therefore, the PRACH formats of NR PRACH formats A and B can be supported in NR-U.
Proposal 14: The PRACH formats based on NR PRACH formats A and B can be supported in NR-U.
Table 4 NR PRACH  format vs cell coverage
	Preamble format
	#of sequence
	TCP
	TSEQ
	TGP
	Path profile (Ts)
	Maximum Cell radius
(meter)

	A
	1
	2
	288
	4096
	0
	96
	938 (469 for 30kHz)

	
	2
	4
	576
	8192
	0
	144
	2,109 (1054 for 30kHz)

	
	3
	6
	864
	12288
	0
	144
	3,516 (1758 for 30kHz)

	B
	1
	2
	216
	4096
	72
	96
	469 (234 for 30 kHz)

	
	2
	4
	360
	8192
	216
	144
	1,055 (527 for 30 kHz)

	
	3
	6
	504
	12288
	360
	144
	1,758 (879 for 30 kHz)

	
	4
	12
	936
	24576
	792
	144
	3,867 (1933 for 30 kHz)

	C
	0
	1
	1240
	2048
	1096
	144
	5300 (660 for 120 kHz)

	
	2
	4
	2048
	8192
	2912
	144
	9297 (1162 for 120 kHz)




3.5 Multiplexing PRACH and other channels
[bookmark: OLE_LINK27]According to the agreement  in RAN1#96bis, a single long PRACH sequence mapped to contiguous PRBs or legacy NR PRACH sequence of length 139 mapped to contiguous subcarriers with repetitions in frequency, both PRACH sequence mapping types occupy almost the entire bandwidth. So, there is less PRACH multiplexing with other channels in FDM manner.
Based on the above discussion, PRACH can be multiplexed with other channel (e.g. PUCCH/PUSCH) in TDM manner.
Proposal 15: Only TDM of PRACH and other channels is supported.
[bookmark: IDX-CHP-8-0996][bookmark: IDX-CHP-8-0995][bookmark: IDX-CHP-8-0993][bookmark: IDX-CHP-8-0994][bookmark: IDX-CHP-8-0992] Conclusion 
In this contribution, we share our views on initial access signals and channels for NR-U. We have the following proposals and observations:
Proposal 1: The new pattern of SS/PBCH block is preferred for NR-U, i.e. two SS/PBCH blocks are located in symbols (2, 3, 4, 5) and (9, 10, 11, 12) in a slot respectively.








Proposal 2: For NR-U, only configuration parameter = 0 or = 5, and = 1/2 in Table 13-11 in 3GPP TS 38.213 should be supported to let SS/PBCH block and corresponding Type-0 PDCCH in the same slot. Wherein, first symbol index for starting monitoring Type-0 PDCCH should be changed from “{0, if  is even}, {,（=1,2,3） if  is odd}” to  “{0, if  is even}, {7, if  is odd}”.
Proposal 3: RAN1 should support Alt 2 (new SSB positions in a slot) among the candidates in RAN1#96bis agreements:
· 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
Proposal 4: For NR-U, RMSI PDSCH should be able to be rate matched around SS/PBCH blocks in DRS occasion. The assumption for RMSI PDSCH and SS/PBCH blocks in 3GPP TS 38.214 should be revisited.
Proposal 5: For NR-U, additional combinations of the start symbol S and the allocation length L can be supported in default PDSCH SLIV table as follows, assuming SSB located in symbols {2, 3, 4, 5} and {9, 10, 11, 12} with Alt 2:
· Case 0 (based on half-slot structure, and no gap in a slot): {S=8, L=6},  {S=9, L=5}
· Case 1(based on half-slot structure, and a gap at last symbol in every half slot for LBT): {S=1, L=5},  {S=8, L=5}
· Case 2(based on half-slot structure, and a gap at last symbol in every slot for LBT): {S=8, L=5}
· Case 3(based on slot structure, and no gap in a slot):already supported
· Case 4(based on slot structure, and a gap at the last symbol in every slot for LBT): {S=1, L=12}, {S=2, L=11}
Proposal 6: To meet OCB regulation requirements, the following methods can be considered:
· Alt-1: Repeat the SS/PBCH transmission in frequency domain
· Alt-2: SS/PBCH block and CSI-RS multiplexed in frequency domain
· Alt-3: SS/PBCH block and RMSI PDSCH multiplexed in frequency domain
· Alt-4: via implementation (e.g. scheduling)
Proposal 7: The minimum value of periods for DRS transmission window can be configured as 20 ms or even lower. 
Proposal 8: DRS duration within the DRS transmission window is determined depending on some aspects such as the design of multiplexing signal/channel, subcarrier spacing of SS/PBCH block and whether to support beam switch. Preferably, DRS duration is less than or equal to 1ms.
Proposal 9: In order to achieve no time-domain gap in DRS, the following methods can be considered:
· fill in existing signals/channels (e.g., CSI-RS, OSI, Paging) in addition to RMSI PDCCH/PDSCH
· via implementation, which is similar to the processing of blank symbols in LTE-LAA DRS. 
Proposal 10: Legacy NR PRACH sequence of length 139 mapped to contiguous subcarriers, with repetitions in frequency can be supported for NR-U.
Proposal 11: For Alt1, both 2 repetitions and 4 repetitions can be further studied.
Proposal 12: SCSs with 15 and 30 kHz should be supported in below 7 GHz for NR-U.
Proposal 13: The enhancement to PRACH preamble formats to introduce LBT gaps in time domain between PRACH occasions is not necessary and should not be supported in Rel-16.
Proposal 14: The PRACH formats based on NR PRACH formats A and B can be supported in NR-U.
Proposal 15: Only TDM of PRACH and other channels is supported.
 Reference 
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