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[bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
For NR RACH procedures and resource configuration, the following agreements are achieved in the previous meetings [1]:
· In NR, the RACH configuration provides at least:
· RACH time/freq. information 
· RACH preamble format
· For initial access, threshold for SS block selection for RACH resource association is configurable by network, where the threshold is based on RSRP
· FFS details, including ping-pong effect handling 
· NR supports at least slot based transmission of Msg2, Msg3 and Msg4
· Check if slot based scheduling can satisfy ITU requirement. If not, investigate ways to meet ITU requirement, e.g., non-slot based transmission of Msg2, Msg3 and Msg4
· Msg3 is transmitted after a minimum time gap from the end of Msg2 over-the-air reception 
· gNB has the flexibility to schedule the transmission time of Msg3 while ensuring the minimum time gap
· FFS the minimum time gap w.r.t. UE processing capability
· Bit field length of RAPID is fixed in the spec.
· (working assumption) Bit field length of RAPID is 6 bits.
· RAN1 is discussing if 8 bits should be considered for bit field length of RAPID
· FFS the impact of SUL
· FFS: How RACH occasion is conveyed to UE
· (Working assumption) For the timing advance in RAR, its granularity depends on:
· Subcarrier spacing of the first uplink transmission after RAR
· For NR UE initial access based on RACH configuration for an SUL carrier 
· RACH configuration for the SUL carrier is broadcasted in RMSI
· The configuration information for the SUL carrier is sufficient for UEs to complete RACH procedure via only that SUL carrier
· In particular the configuration information includes all necessary power control parameters
· The configuration information for the SUL carrier includes a threshold. The UE selects that SUL carrier for initial access if and only if the RSRP measured by the UE on the DL carrier where the UE receives RMSI is lower than the threshold
· If the UE starts its RACH procedure on the SUL carrier, then the RACH procedure is completed with all uplink transmission taking place on that carrier
In this contribution, the remaining aspects as identified above are addressed. Furthermore, additional Msg2 and Msg3 specifications details are included as well.   

Mapping between SS block and PRACH occasion 
The PRACH resources could be FDMed as in LTE. It raises one issue about the SS block and RACH occasion associations, which is frequency first or time first. For example, the two FDMed PRACH resources are associated with the same SS block (time first) or different SS block (frequency first). Time first association separates different SS blocks by different PRACH time, where the PRACH occasion for a same SS block may be separated by a large time gap, thus the latency will be greatly increased when the number of SS blocks is large (e.g., 64 for above 6 GHz). On the other hand for frequency first association, the PRACH resources for a same block can be reoccurred by a much smaller time gap, thus the latency will be reduced when the number of SS blocks is large (e.g., 64 for above 6 GHz). However, whether multiple SS blocks could be associated with the FDMed PRACH resources depends on gNB capability, e.g., whether gNB could do fully digital Rx beamforming for different beam reception at the same time in different frequency band. Based on the above discussions, our proposal for association is given by:
[bookmark: _Ref498500541][bookmark: _Ref492039987]Proposal 1: NR should support both frequency first and time first association between the PRACH resources and the SS blocks. gNB can configure the association for a cell based on gNB capability. 
We have agreed to support both one to one and many to one mapping, where the detailed configurations can be given by: number of preambles for CBRA and CFRA per RO, number of preambles for CBRA per RO, number of SS blocks associated with one RO:
· number of preambles for CBRA and CFRA per RO: As discussed in our companion paper [2], 64 preambles per RO are not enough for some application scenarios, especially gNB without beam correspondence and with up to 64 beams. Therefore, the number of PRACH preambles for CBRA and CFRA per RO should be up to 256 with at least candidate value 64, 128, 256. Different values may represent different sequence or different CS value, e.g., ZC or ZC plus M sequence. As a result, 2 bits is needed to indicate {64, 128, 256, Reserved}.
· number of preambles for CBRA per RO: The values should be: {4,8,12,16,20,24, 28, 32, 36,40, 44, 48, 52, 56, 60, 64, 80, 96, 112, 128, 144, 160, 176, 192, 208, 224, 240, 256}, i.e., up to 256 preambles. The remaining preambles in a RO are used for CFRA.
· number of SS blocks associated with one RO: Note that the indication of actually transmitted SS block in RMSI for >6GHz is given by: Group-Bitmap (8 bits) + Bitmap in Group (8 bits). gNB has a high freedom to allocate the up to 64 SS blocks. Specifically, the number of actually transmitted SS block can be {N*M: N≤8, M≤8 }, where N is the number of groups, M is the number of actually transmitted SS block per group. Part of full of the actually transmitted SS block could be associated with one RO. For full indication, we need 3+3=6bits. However, considering some redundancy, we could consider 4bits for HF as shown in Table 1 for above 6 GHz and an example is shown in Figure 1. 
[bookmark: _Ref498454700]Table 1 indication of number of SS blocks / block groups associated with one RO for HF
	Index
	Meaning
	Comments

	0
	1 SSB is associated with one RO
	Based on SSB

	…
	…
	

	7
	8 SSBs are associated with one RO
	

	8
	2 groups are associated with one RO
	Based on groups in the indication of actually transmitted SSB in RMSI

	…
	…
	

	14
	8 groups are associated with one RO
	

	15
	Reserved
	reserved



For <6GHz, since 8bits full bit mapping, 3bits are needed as shown in Table 2. 
[bookmark: _Ref498454701]Table 2 indication of number of SS blocks associated with one RO for LF
	Index 
	Meaning 
	Comments 

	0 
	1 SSB is associated with one RO 
	Based on SSB only

	… 
	… 
	

	7 
	8 SSBs are associated with one RO 
	



The number of the CBRA preambles per SSB per RO is simply as follows if only same number of CBRA preambles per SSB per RO is supported:
Floor ( Number of preambles for CBRA per RO/Number of SS blocks associated with one RO )
Note that if we configure number of preambles for CBRA per RO per SSB instead of number of preambles for CBRA per RO, more bits are required. For example, at least the value 1 should be considered as proposed by some companies. Furthermore, if one to many mapping is agreed, the number of Number of SS blocks associated with one RO can be simply extend to one or multiple ROs. Therefore, we have following proposal:
[bookmark: _Ref498500551]Proposal 2: gNB configures:
· Number of preambles for CBRA and CFRA per RO 
· {64, 128, 256}
· Number of preambles for CBRA per RO 
· {4, 8, 12, 16, 20, 24, 28, 32, 36, 40, 44, 48, 52, 56, 60, 64, 80, 96, 112, 128, 144, 160, 176, 192, 208, 224, 240, 256}
· Number of SS blocks associated with one RO based on the indication of actually transmitted SS block in RMSI
· For >6GHz:
· {1, …, 8 SSBs, 2, …,8 groups}
· For <6GHz: up to 3bits
· {1, ..., 8 SSBs}
	



[bookmark: _Ref497685809]Figure 1: Mapping based on the indication of actually transmitted SS blocks
For the preambles in a same PRACH occasion, it is better for the SS block to be mapped to inconsecutive preambles for solving detection ambiguity and even PAPR issue. For example, gNB could have capability of digital Rx beamforming, where only the preambles from one SSB beam could be received after applying the same digital Rx beam as the SSB beam. Due to the inconsecutive property, the miss detection rate could be reduced and the TA estimation performance could also be increased. The preambles for CFRA could be considered as one virtual SS block to evenly divide all the preambles in one RO. Specifically, all the RACH preamble indices in one RO are in order of increasing cyclic shifts of a root index and then increasing logical root index. The preambles for CFRA and different SSBs for CBRA in the sequence: SSB1, …, SSBN, CFRA, SSB1,…, SSBN, CFRA ….. Therefore, we have the following proposal: 
[bookmark: _Ref497714079]Proposal 3: Preamble indices for CBRA and CFRA for one SSB are not mapped consecutively. When multiple SS block associated with one RO, the preamble indices for different SS block are not mapped consecutively.
[bookmark: _Ref129681832]Msg1 transmission 
[bookmark: OLE_LINK69][bookmark: OLE_LINK70][bookmark: OLE_LINK71]SS block selection for Msg1 (re)transmission
As we have discussed in [3], changing the corresponding SS block/CSI-RS for Msg1 transmision/retransmission will provide benefits in latency. However, inappropriately designed SS block/CSI-RS switching will leads to severe Ping-Pong effects due to the channel fading. Similar as LTE, L3 filtering and a switching delay are able to control the effects, i.e., the RSRP of an SS block/CSI-RS is filtered and an SS block/CSI-RS is allowed to be selected at a time duration after that the RSRP is above the configured threshold. 
[bookmark: _Ref492198646][bookmark: _Ref488163949]Proposal 4: UE can select a candidate SS block/CSI-RS with a filtered RSRP above the threshold for Msg1 (re)transmission after a time duration.
Msg 1 transmission with supplementary UL carrier frequency (SUL)
Consider the scenario that a NR UE is configured with a NR unpaired carrier and a SUL carrier. The UE can select one of the two carriers for RACH procedure, and the selection can be based on its DL RSRP measurement on the NR unpaired carrier. Due to the non-ideal DL RSRP measurement, a UE may not select the proper UL carrier for RACH procedure and fail in Msg1 transmission. When a UE failed Msg1 transmission on the NR unpaired carrier with the number of trials exceeding a configured value, it is better for the UE to continue to transmit Msg1 on the SUL rather than performing cell reselection. In this case, gNB can configure two Ms, e.g., M1 for NR unpaired carrier and M2 for SUL. When the UE fails M1 Msg1 transmissions on the NR unpaired carrier, it can continue Msg1 transmission over the SUL. 
[bookmark: _Ref492587308]Proposal 5: If a UE is failed in Msg1 transmission on NR unpaired carrier with a configured number of trials, then it can continue Msg1 transmission over the SUL carrier.
Msg2 
Once the random access preamble is transmitted, the MAC entity shall monitor the PDCCH in the CORESET for Msg2 identified by the RA-RNTI. 
RA-RNTI 
In LTE, a single RA-RNTI which is based on the selected time/frequency location of preamble transmission, i.e.  is enough to distinguish the preambles from different UEs, where  and  are the temporal and frequency index of the RACH resource respectively since gNB only response one RO one time by the single beam. However in NR, if the association of SSB to ROs is many to one, gNB may response several times by several beams reported by UE from Msg.1. Furthermore, considering new use cases from the agreements, the RA-RNTI design should consider:
· SSB index in one RO (): One trivial design of the RA-RNTI is by following LTE, i.e., based on only the time/frequency information of the transmitted RO. The drawback is that RAR sent by different gNB beams should contain all the preambles received in the RO. Otherwise UE may need to monitor more than one decodable PDCCH to make sure that he has detected the true beams that carrying his preamble in RAR, e.g., such UE is in coverage of two of the gNB beams sending Msg2. It is definitely undesirable. As a result, SSB index in terms of the index of the SSBs associated with one RO (0, …, number of SSBs associated with one RO - 1, i.e., SSB index in one RO ) should be included in the RA-RNTI to differentiate the different SSB beams, where one SSB beam only carries the associated preambles received in this RO. 
· Time domain RO index based on all the time domain RO allocations for one UL in one radio frame in the cell ():  In TDD system, if some of the PRACH resources are overlapped with the SS block or RMSI CORESET, PRACH resources will be punctured. New PRACH resources can be added on the available UL slots. If the time domain RO index depends on the real index of the specified RO in its radio frame, then there will be ambiguity issue in some cases, e.g., the RAR window size is 10ms. As a result, the time domain RO index should be based on all the time domain RO allocations in one radio frame in the cell. For example, if 4 ROs are in slot 2/4/6/8 in radio frame nSFN, 4 ROs are in slot 3/4/6/8 in nSFN+1 because the RO in slot 2 in nSFN+1 is punctured due to collision with SS block and RO in slot 3 is added for the punctured RO in slot 2 in nSFN+1. Then all the possible RO allocations in the cell is slot 2/3/4/6/8. The time domain RO index for the RO in slot 2/3/4/6/8 are always 0/1/2/3/4, no matter which radio frame in which UE transmits Msg1.
· Frequency domain RO index in terms of ULs for a cell with 2 ULs(), inter initial active UL BWP (), intra initial active UL BWP (): As discussed in [4],[5], UE could transmit preambles in SUL or NR UL, and there could be multiple initial active UL BWPs and multiple RO in the frequency domain within one initial active UL BWP. Therefore, the frequency domain should contain the index of carrier, inter initial active UL BWP and intra initial active UL BWP.
· CSI-RS index (): We have agreed that RACH resource can be associated with the CSI-RS rather than the SSB for CFRA in handover procedure. If CSI-RS is QCLed with one specific SSB for all the parameters, the CSI-RS and the SSB will be transmitted with the same beam, and hence it is reasonable that RA-RNTI for such CSI-RS based CFRA could be the same as the SSB, where one Msg2 is enough to deliver both responses from the CSI-RS and the SSB based RACH procedure. However, if CSI-RS only QCLed with SSB with part of the parameters or no QCLed with any of SSB, the CSI-RS and SSB will be by different beam and hence gNB will use at least the two different beams to transmit response of CSI-RS and SSB based RACH procedure. In such case, the RA-RNTI should be different for CSI-RS and SSB. Of course, if two UEs share the same CSI-RS beams, the RA-RNTI should be the same. However, since CSI-RS configuration is UE specific and the same CSI-RS resource/port index for different UE may not be the same beam, gNB should indicate the CSI-RS index used for the RA-RNTI calculation for such UE. If two UE can share the same CSI-RS beam, gNB just assigns the same CSI-RS index for the two UE for the CSI-RS resource/port sharing the same beam.
· Order of the parameters: From all of the above four mentioned parameters, SSB index and time/frequency domain RO index should be in front of CSI-RS index, since CBFA UE doesn’t know how many CSI-RS indices are supported. This information is not to be signaled in RMSI for UE to determine the RA-RNTI. Furthermore, since a UE may be based on either CSI-RS based RACH or SSB based RACH, the RA-RNTI should be based on either SSB index or CSI-RS index. In other words, both CSI-RS and SSB based random access should be considered for RA-RNTI. Moreover, the maximum value of SSB index, time/frequency domain RO index and CSI-RS index may be different. In such case, a simple solution is that odd RA-RNTI values are for UL and even RA-RNTI values are for SUL if SUL exists.
Note that if dedicated RACH resources for CFRA are agreed, the same methodology for non-dedicated RACH resource discussed above could be applied here too. Yet to avoid confusion with the non-dedicated one, dedicated RA-RNTI should be on top of the non-dedicated one. In other words, the index of RA-RNTI should be in the ascending order of non-dedicated and dedicated one, and hence RA-RNTI for dedicated RACH resource does not influence the non-dedicated RA-RNTI design mentioned above. We could discuss later if it is agreed and the detailed allocation is clear.
As a result, the RA-RNTI design is given by:

where , , , , . If there are normal UL and SUL, then ,  is used for normal UL and  is used to indicate SUL.  are calculated based on the UL index for PRACH. If there is only normal UL, then  and . In the above equations, FLAG =1 if Msg1 transmission is based on SS block association or based on SSB QCLed (full parameters) CSI-RS association, otherwise FLAG=0. 
[bookmark: _Ref498500583]Proposal 6: The RA-RNTI design should consider following parameters in the order of:
· Frequency domain RO index in terms of ULs for a cell with 2 ULs
· Time domain RO index in one radio frame based on all the time domain RO allocations for one UL  in one radio frame in the cell
· Frequency domain RO index in terms of inter initial active UL BWP and intra initial active UL BWP
· SSB index in one RO
· Msg1 transmission is based on SS block association or based on SS block QCLed (full parameters) CSI-RS association
· CSI-RS index 
· Msg1 transmission is based on CSI-RS association on non-dedicated RACH resource which is non QCLed or partially QCLed with SS block
 
RAR contents and size 
The structure and size of LTE RAR is shown in Figure 2. The RAR contains fields of random access preamble index (RAPID), uplink (UL) grant, timing advance command (TAC), Temporary C-RNTI (TC-RNTI). In NR, the same fields are kept and the fields may be adjusted since new features are introduced for multi-beam. 
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BI subheader 
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RAPID subheader
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	(a) MAC header
	(b) fields in the MAC RAR 


[bookmark: _Ref492197248]Figure 2: LTE Msg2 contents and size 
Timing advance command format and granularity
The TAC format in the MAC CE should be able to provide both timing adjustment range and granularity for multiple uplink bandwidth parts (UL BWP), which are possibly with different numerologies. In one example with two UL BWPs, the SCS of UL BWP1 is 60 kHz and the SCS of UL BWP2 is 15 kHz. If the 60 kHz and 15 kHz share the same TAC format and granularity of 60 kHz, the maximum timing adjustment value for 15 kHz will be reduced by 1/4, i.e., reduced from  km ( us) to  km ( us). In TS 25.104 [6], the path changes will be up to 10us, e.g., Path1 changes from -5us to 5us (copy and paste here for the easy reference). If 1bit in the 6bits TA command is used to indicate the TA granularity, actually the range can be up to . Although it is slightly smaller than the LTE value, it could satisfy the following TS 25.104 test requirement.
1.	Two paths, Path1 and Path2 are randomly selected from the group [-5, -4, -3, -2, -1, 0 ,1, 2, 3, 4, 5] s. The paths have equal magnitudes and equal phases.
2.	After 191 ms, Path1 vanishes and reappears immediately at a new location randomly selected from the group [-5, -4, -3, -2, -1, 0 ,1, 2, 3, 4, 5] s but excludes the point Path2. The magnitudes and the phases of the tap coefficients of Path 1 and Path 2 shall remain unaltered.
3.	After an additional 191 ms, Path2 vanishes and reappears immediately at a new location randomly selected from the group [-5, -4, -3, -2, -1, 0 ,1, 2, 3, 4, 5] s but excludes the point Path1. The magnitudes and the phases of the tap coefficients of Path 1 and Path 2 shall remain unaltered.
4.	The sequence in 2) and 3) is repeated.
Furthermore, for a NR cell with both normal and supplementary uplink carrier in a same TAG, the problem of sharing one common and fixed granularity will be deteriorated due to larger difference between the subcarrier spacing. For example, the SCS of UL BWP in normal uplink is 120 kHz and the SCS of UL BWP in supplementary uplink is 15 kHz. If the 120 kHz and 15 kHz share the same TAC format and granularity of 120 kHz, the maximum timing adjustment value for 15 kHz will be reduced by 1/8, i.e., reduced from  km to  km. If the 120 kHz and 15 kHz share the same TAC format and granularity of 15 kHz, the minimum timing adjustment value  Ts, which is almost the same with the 120 kHz normal cyclic prefix ( Ts). Similarly, the system performance of uplink transmission over the normal UL will be degraded due to unaligned uplink timing. 
To avoid the insufficient or inaccurate timing adjustment, the timing granularity should be adaptive such as to satisfy the multiple numerology. A bit in the 6bits TA command should be used to indicate the TA granularity and timing, for example as shown in Figure 3. Note that, if the maximum and minimum SCS is the same, i.e.., only one SCS, the TA adjustment value is the same as the agreement for single numerology case. 
	[image: ]


[bookmark: _Ref498455599]Figure 3: TAC granularity indication in MAC CE and TA adjustment
[bookmark: _Ref498500589]Proposal 7: One bit in the 6bits TAC indicates the granularity for multiple UL BWPs with possible different numerology, where 0/1 means that granularity follows the maximum/minimum SCS of all activated UL BWPs within the TAG. Specifically, the TA adjustment value is given by: 
· Bit = 0: granularity X follows the maximum SCS:

· Bit = 1: granularity Y follows the minimum SCS:

where the granularity for different SCS is given by following table

Table 3 granularity of TA Command for different SCS
	Subcarrier Spacing (kHz) 
	Unit 
	Notes;

	15
	16*64 Ts
	 seconds

	30
	8*64 Ts
	

	60
	4*64 Ts
	

	120
	2*64 Ts
	



Timing in RACH procedure
Non-slot based scheduling 
According to TS 38.913 [7], the control plane latency of NR targets for 10ms latency. In LTE, the C-plane latency involves the steps as shown in Figure 4 for initial access, and the overall latency is 50 ms as shown in Table 4. Suppose the processing time is proportional to the non-slot length, to satisfy the NR 10 ms latency, the NR time should be based on time unit with duration not more than 200 us, and the time unit covers the scheduling and processing latency required at both UE and gNB. 
Observation 1: With the same steps as in LTE transition (from Idle to Connected mode), NR can fulfill the 10 ms C-plane latency requirement if the time unit for scheduling and processing is not more than 200 us.
[bookmark: _Ref494200768]Table 4 Transition time from Idle to Connected mode 
	Component
	Description
	LTE-A time (ms) 0
	NR time
(# of non-slot)

	1
	Average delay due to RACH scheduling period 
	0.5
	0.5 

	2
	RACH Preamble
	1
	1

	3-4
	Preamble detection and transmission of RA response (Time between the end RACH transmission and UE’s reception of scheduling grant and timing adjustment)
	3
	3

	5
	UE Processing Delay (decoding of scheduling grant, timing alignment and C-RNTI assignment + L1 encoding of RRC Connection Request)
	5
	5

	6
	Transmission of RRC and NAS Request
	1
	1

	7
	Processing delay in eNB (L2 and RRC)
	4
	4

	8
	Transmission of RRC Connection Set-up (and UL grant)
	1
	1

	9
	Processing delay in the UE (L2 and RRC)
	12
	12

	10
	Transmission of RRC Connection Set-up complete
	1
	1

	11
	Processing delay in eNB (Uu → S1-C)
	 
	 

	12
	S1-C Transfer delay
	 
	 

	13
	MME Processing Delay (including UE context retrieval of 10ms)
	 
	 

	14
	S1-C Transfer delay
	 
	 

	15
	Processing delay in eNB (S1-C → Uu)
	4
	4

	16
	Transmission of RRC Security Mode Command and Connection Reconfiguration (+TTI alignment)
	1.5
	1.5

	17
	Processing delay in UE (L2 and RRC)
	16
	16

	Total delay
	50
	50

	Time unit to fulfill the C-plane latency
	10 ms
	200 μs




It should be pointed out that the UE and gNB processing latency contribute the major part of the control plane latency, while the length of scheduling periodicity (i.e. the monitoring periodicity of CORESET) due to alignment of CORESET is relatively small. Furthermore, a smaller CORESET monitoring periodicity puts higher requirements on the capability of UE. To tradeoff between the cost, complexity, and power consumption, NR could support different levels of UE capability. As a starting point, we propose to consider at least 125 μs as the minimum CORESET monitoring periodicity during RACH for those UE having 10ms latency requirement, and it can be revisited when the timing latency is not satisfied.
[bookmark: _Ref498500595][bookmark: _Ref494298495]Proposal 8: To fulfill the 10 ms C-plane latency requirement for some UEs, non-slot based transmission of PDSCH for Msg2, PUSCH for Msg3 and PDSCH for Msg4 with a minimum CORESET monitoring periodicity [125us] should be specified.
Moreover, NR should strive to support mechanism that allows a UE to access the network, if the UE does not need to fulfill the target control plane latency of 10ms. The minimum CORESET monitoring periodicity for those UEs may be larger than 125us.
Msg3 timing
The timing flexibility of Msg3 in LTE is only 1 bit (two candidate timing), which is indicated by the UL delay field in RAR. It is expected that NR should provide more timing flexibility for Msg3 transmission due to support of multiple beams. Specifically, gNB should be provided with greater flexibility to schedule the Rx beams for Msg3 reception. However, increasing the bits of UL delay field in the UL grant will also lead to higher payload for the RAR. With N users, the bits needed increase from N bits to 2N bits (assuming 1 bit is increased to 2 bits). Having the UL delay field in the MAC header of Msg2, similar to the back-off index in Msg2, would allow all the RAR to share the UL delay field. All the UEs that have matched RAR in Msg2 will transmit their Msg3s according to the UL delay field in the MAC header, which is the same for all UEs. 
[bookmark: _Ref490140746]Proposal 9: NR supports at least 2 bits UL delay field to improve the timing flexibility for Msg3 transmission. NR UL delay field can be sent in the MAC header of Msg2 to reduce the scheduling overhead.

Conclusion
In this contribution, we discuss the RACH procedures and resource configuration taking single/multi-beam properties into account. The following observations and proposals are made: 
Observation 1: With the same steps as in LTE transition (from Idle to Connected mode), NR can fulfill the 10 ms C-plane latency requirement if the time unit for scheduling and processing is not more than 200 us.
Proposal 1: NR should support both frequency first and time first association between the PRACH resources and the SS blocks. gNB can configure the association for a cell based on gNB capability.
Proposal 2: gNB configures:
· Number of preambles for CBRA and CFRA per RO with up to 2bits 
· {64, 128, 256}
· Number of preambles for CBRA per RO with up to 5bits
· {4, 8, 12, 16, 20, 24, 28, 32, 36, 40, 44, 48, 52, 56, 60, 64, 80, 96, 112, 128, 144, 160, 176, 192, 208, 224, 240, 256}
· Number of SS blocks associated with one RO based on the indication of actually transmitted SS block in RMSI
· For >6GHz: up to 4bits
· {1, …, 8 SSBs, 2, …,8 groups}
· For <6GHz: up to 3bits
· {1, ..., 8 SSBs}
Proposal 3: Preamble indices for CBRA and CFRA for one SSB are not mapped consecutively. When multiple SS block associated with one RO, the preamble indices for different SS block are not mapped consecutively.
Proposal 4: UE can select a candidate SS block/CSI-RS with a filtered RSRP above the threshold for Msg1 (re)transmission after a time duration.
Proposal 5: If a UE is failed in Msg1 transmission on NR unpaired carrier with a configured number of trials, then it can continue Msg1 transmission over the SUL carrier.
Proposal 6: The RA-RNTI design should consider following parameters in the order of:
· Frequency domain RO index in terms of ULs for a cell with 2 ULs
· Time domain RO index in one radio frame based on all the time domain RO allocations for one UL  in one radio frame in the cell
· Frequency domain RO index in terms of inter initial active UL BWP and intra initial active UL BWP
· SSB index in one RO
· Msg1 transmission is based on SS block association or based on SS block QCLed (full parameters) CSI-RS association
· CSI-RS index 
· Msg1 transmission is based on CSI-RS association on non-dedicated RACH resource which is non QCLed or partially QCLed with SS block
Proposal 7: One bit in the 6bits TAC indicates the granularity for multiple UL BWPs with possible different numerology, where 0/1 means that granularity follows the maximum/minimum SCS of all activated UL BWPs within the TAG. Specifically, the TA adjustment value is given by:
· Bit = 0: granularity X follows the maximum SCS:

· Bit = 1: granularity Y follows the minimum SCS:

where the granularity for different SCS is given by following table
Table 4 granularity of TA Command for different SCS
	Subcarrier Spacing (kHz) 
	Unit 
	Notes;

	15
	16*64 Ts
	 seconds

	30
	8*64 Ts
	

	60
	4*64 Ts
	

	120
	2*64 Ts
	


Proposal 8: To fulfill the 10 ms C-plane latency requirement for some UEs, non-slot based transmission of PDSCH for Msg2, PUSCH for Msg3 and PDSCH for Msg4 with a minimum CORESET monitoring periodicity [125us] should be specified.
Proposal 9: NR supports at least 2 bits UL delay field to improve the timing flexibility for Msg3 transmission. NR UL delay field can be sent in the MAC header of Msg2 to reduce the scheduling overhead.
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Appendix A LTE-Advanced transition steps
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[bookmark: _Ref494284649]Figure 4: Steps involved in the transition from Idle to Connected mode in LTE-Advanced
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