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2. Mapping from SS Block to RACH Resources
Following agreement was made during the last meeting:
	Proposals:
· NR down-selects from following options:
· Alt 1: Preamble indices for CBRA and CFRA for one SSB are mapped consecutively in one RACH transmission occasion.
· Alt 2: Preamble indices for CBRA and CFRA for one SSB are not mapped consecutively in one RACH transmission occasion



If preamble indices for CBRA and CFRA for one SSB are mapped consecutively in one PRACH transmission occasion (RO), UEs that are performing CBRA need to know the number of available CFRA for each SSB. Alternative 2 does not face this restriction. Besides, alternative 2 allows network complete flexibility to allocate the number of CFRA preamble indices for different SSBs based on demand. Hence, alternative 2 should be supported in NR.
Proposal 1: In NR, Preamble indices for CBRA and CFRA for one SSB are not mapped consecutively in one RACH transmission occasion.
Following agreements were made regarding the number of preamble indices per SSB during the meeting and the email discussion after the meeting.











	Agreements:
· NR supports gNB configuring the number of preambles for actually transmitted SS blocks.
· FFS: Same value for all SS blocks or different value for different SS blocks

	Agreements:
· For contention based RACH, support the same number of PRACH preambles for all actually transmitted SS blocks.
· FFS: Same/different number of PRACH preambles for SS blocks in CFRA.


	Agreements:
Support following values for the configuration of the number of PRACH preambles for CBRA per SSB:
· 4 * N (where 1 <= N <= 16)
· FFS: 0, 1, 2, 3, 5, 6, 7, 10, 14, 18, 22, 26, 30, values greater than 64
· FFS: different granularity for different number of PRACH preambles for CBRA and CFRA per SSB



Mapping from SS blocks to RACH resources and preambles may depend on the receiver that gNB uses during RACH reception. If gNB receiver has analog RX beamforming constraint, it can only receive PRACH resources corresponding to different SS blocks in a time division multiplexed manner. 
However, if gNB can employ digital RX subsystems to receive PRACH, gNB can simultaneously receive PRACH from different directions. In this scenario, PRACH preambles corresponding to multiple SS blocks can be located together. This is especially valid for sub-6 GHz band, where PRACH resources corresponding to 4 or 8 different SS blocks do not need to be time division multiplexed. 
gNB should convey mapping rule through RMSI to support these two scenarios.
Proposal 2: NR supports two different mapping rules from SSB(s) to RACH resources and preamble indices.
I) In one mapping rule (mapping rule #1), RACH resources corresponding to different SS blocks are time division multiplexed.
II) In the other mapping rule (mapping rule #2), RACH resources corresponding to different SS blocks are located at the same time region.
III) gNB conveys the mapping rule through RMSI.
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Figure 1: Mapping rules from SSB to RACH transmission occasions and preamble indices
Figure 1 shows examples of these mapping rules.
For both mapping rules, NR needs to define how UEs can find specific ROs and preamble indices NR has not yet explicitly mentioned whether these the number of preambles per SSB will be explicitly or implicitly configured. However, since RAN1 already agreed to support equal number of CBRA preambles per SSB and defined specific values for each SSB, it should naturally follow that gNB explicitly configures the number of preambles for CBRA per SSB.
Proposal 3: NR supports gNB explicitly configuring the number of preambles for CBRA per SSB in each RO.
In the mapping rule where RACH resources corresponding to different SSBs are located at the same region, gNB also needs to configure the number of SSBs for each RO for CBRA. In the presence of low rate of initial access, gNB can configure a small number of preambles per SSB and higher number of SSBs per RO in this scenario. Some combinations of number of preambles per SSB and number of SSBs per RO can be restricted to limit the total number of preambles per RO.
Proposal 4: NR supports gNB explicitly conveying the number of SSBs that can be mapped to one RO for mapping rule #2.
· If mapping rule #1 is configured, UE disregards this information and assumes that one SSB is mapped to all ROs that are located at the same time instance. 

2.1 Relationship between SSB to RACH Mapping Pattern and RACH Configuration Period

NR is currently defining different durations for RACH configuration periods. RAN1 also made the following agreement during the last meeting:
	Agreements:
· Let X be the number of PRACH transmission occasions in the RACH configuration period which are associated (by the SSB to RACH resource association rule) with the actually transmitted SS blocks in the SS burst set period.
· X can be greater than, equal to or smaller than the number of actually transmitted SS blocks in the SS burst set


Irrespective of the number of ROs in each RACH configuration period, the pattern of mapping from SSB to RACH transmission occasions/preamble indices should repeat across RACH configuration periods. This will not require any additional signalling but it still allow UE to know the exact mapping from SSB to RACH irrespective of when it comes to the system.
The number of supportable SSBs, which can be mapped to all available RACH transmission occasions in one RACH configuration period, may not be an integer multiple of the number of actually transmitted SSBs. Gnb needs to define some rules to handle SSB to PRACH mapping in these scenarios and ensure that the pattern of mapping from SSB to RACH transmission occasions/preamble indices are repeated across RACH configuration periods.
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Figure 2:  Scenario where the number of available PRACH occasions is not an integer multiple of the number of actually transmitted SSBs
Figure 2 shows one such scenario. Here, three SSBs are actually transmitted but there are eight available PRACH transmission occasions in each PRACH configuration period. Assume that gNB has configured one SSB per RO in this scenario. In order to repeat the SSB to RACH occasion pattern across PRACH configuration periods, three SSBs have to be mapped to available eight ROs in every PRACH configuration period. Figure 2 shows that UE maps the first three SSBs to first six available ROs in a repeated manner. However, some rules need to be defined defining how UE should map from SSB to ROs in the last two RACH occasions.
Proposal 5: The pattern of mapping from SSB to RACH transmission occasions/preamble indices repeats across RACH configuration periods.
· Note: Some rules need to be defined to handle scenarios where the number of supportable SSBs, which can be mapped to all available RACH transmission occasions in one RACH configuration period, is not an integer multiple of the number of actually transmitted SSBs.


2.2 Detailed Mapping Rules

We provide the details of the mapping rules below. Note that, in these mapping rules, RACH transmission time instance denotes a time duration where a set of configured PRACH transmission occasions are frequency division multiplexed.
Proposal 6: NR considers the detailed mapping rules that are mentioned below.
Mapping rule - I
· In every RACH configuration period, 1st actually transmitted SSB is mapped to all preamble indices that are available for CBRA in all FDMed RACH transmission occasions of the first available RACH transmission time instance.
· Thereafter, actually transmitted SSBs are mapped in the increasing order of RACH transmission time instance.
· Note: Special rules are defined to ensure that the pattern of mapping from SSBs to RACH transmission occasions repeat across RACH configuration periods.

Mapping rule – II
· In every RACH configuration period, 1st actually transmitted SSB is mapped to the range of 1st set of preambles, where the set size is equal to the configured preamble indices for CBRA per SSB, in the RACH transmission occasion that has the lowest subcarrier region index and is located at the first available RACH transmission time instance.
· Thereafter, actually transmitted SSBs are mapped in the increasing order of available preamble indices for CBRA within one RACH transmission occasion, frequency multiplexed RACH transmission occasions and RACH transmission time instances.
· Note: Special rules are defined to ensure that the pattern of mapping from SSBs to RACH transmission occasions and RACH preamble indices repeat across RACH configuration periods.

3. RA-RNTI Calculation
[bookmark: _Hlk498532054]This section discusses the factors should be considered in RA-RNTI calculation in NR, based on the following RAN1 and RAN2 agreements: 
RAN2 #99bis 
=>	At least time and frequency is used in the RA-RNTI formula

Unlike LTE, each SS burst set in NR can contain multiple SS blocks and one RACH transmission occasion can be associated with multiple SS blocks.
	1. Agreements (RAN1 #89): [3]
· The transmission of SS blocks within SS burst set is confined to a 5 ms window regardless of SS burst set periodicity
· Within this 5 ms window, number of possible candidate SS block locations is L
· The maximum number of SS-blocks within SS burst set, L, for different frequency ranges are
· For frequency range up to 3 GHz, L is 4
· For frequency range from 3 GHz to 6 GHz, L is 8
· For frequency range from 6 GHz to 52.6 GHz, L is 64
· Note that RAN1 assumes minimum number of SS blocks transmitted within each SS burst set is one to define performance requirements

2. Agreements (RAN1 #90bis) [4]
· If many SSBs are mapped to one RACH transmission occasion, NR supports at least a mapping from different SSBs to non-overlapping subsets of RACH preamble indices within one RACH transmission occasion.
· FFS: Mapping to overlapping subsets



Besides, unlike LTE, each slot and subcarrier region in NR can contain multiple RACH transmission occasions because multiple ‘short’ RACH transmission occasions can fit into one slot. This phenomenon can be implicitly understood from the following agreement.
	Agreements [4]:
· One PRACH format is configured for a cell
· FFS the impact BWP/SUL
· For PRACH formats based on short sequence length
· Format A and format B is considered as a package for the PRACH configuration, configures either format A/B or format C 
· If format A/B is configured, the last PRACH resource within a RACH slot uses the format B and other PRACH resources within the RACH slot uses format A 
· At least support only format B4 within a RACH slot, in the case of a single PRACH occasion within a RACH slot
· FFS Support a PRACH format taken from A0/A1/A2/A3 within a RACH slot 



Dependency of RA-RNTI on Time
The time location of Msg1 can be a function of sub-frame index, slot index within a sub-frame and symbol index within a slot. Hence, in one option, RA-RNTI can be a function of sub-frame, slot and symbol index. However, as [5] showed, this significantly increases RA-RNTI size.
As [5] showed, the number of possible RACH transmission occasions within a sub-frame is much less than the number of symbols within a sub-frame. Hence, the time location of Msg1 within a sub-frame can be identified as the RACH transmission index within the sub-frame. NR should support conveying RACH transmission occasion (RO) index, instead of symbol and slot index, through the combination of RA-RNTI and RAR.
Proposal 7: RA-RNTI calculation includes at least index of RACH transmission occasion, instead of symbol and slot index.
Dependency of RA-RNTI on Uplink Index
In RAN1 #90, agreement was made that in a cell configured with a supplemental uplink (SUL), UEs can perform RACH procedure on either uplink. With this agreement, we believe it is necessary to include uplink index in the calculation in the RA-RANTI calculation.  Otherwise, if two UEs happen to transmit on different uplinks but in the same RO using the same preamble, they would have the same RA-RNTI. That would lead to collision when they transmit Msg3 based on the same UL grant given in the same Msg2. 
Proposal 8. RA-RANI calculation includes at least uplink index in a cell configured with supplemental uplink.
Dependency of RA-RNTI on SS Block Index

The agreements shown in the background section suggest that the combination of RO and RACH preamble index can be conveyed to the UE through different combinations of RA-RNTI and RAR payload. We focus on the following two alternatives here:
· Case I 
· RA-RNTI is a function of RO index but not SSB index.
· Case II 
· RA-RNTI is a function of both SSB and RO index.
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Figure 2: Different cases of the dependency of RA-RNTI on RO and SSB index during many-to-one mapping from SSB(s) to RACH resource(s)
Figure 2 shows mapping from multiple SSBs to one RACH occasion (RO). If RA-RNTI is a function of both SSB index and RO index, RAR corresponds to only one SSB. On the other hand, if RA-RNTI is a function of RO index but not SSB index, RAR may correspond to multiple SSBs that got mapped to the same RO.
Both these alternatives have their pros and cons. For example, if RA-RNTI is a function of both SSB index and RO index, a UE that selected the ‘red’ SSB will only receive the RAR grant corresponding to its own SSB. It will not receive the RAR grant corresponding to the ‘blue’ SSB. However, this alternative limits gNB’s flexibility during Msg2 transmission. With this alternative, gNB cannot transmit RAR corresponding to multiple SSBs simultaneously. This trade off gets reversed in the other alternative where RA-RNTI is a function of RO index but not SSB index. In that alternative, gNB has the flexibility to transmit RAR corresponding to multiple SSBs simultaneously. But a UE that selected the ‘red’ SSB to transmit Msg1 may receive the RAR grant corresponding to the ‘blue’ SSB and it will incur additional complexity.
Observation 1: Making RA-RNTI dependent on both RO and SSB index reduces gNB flexibility since it cannot transmit RARs corresponding to multiple SSBs with one RAR grant.
Observation 2: Making RA-RNTI dependent on both RO and SSB index reduces UE complexity since it does not need to decode the RAR grant corresponding to an SSB index that it did not select for Msg1 transmission.
NR has not yet agreed what RAPID inside RAR payload denotes. On the other hand, if multiple SSB(s) are mapped to one RACH transmission occasion, RAN1 has agreed to support at least one scenario where the SSB(s) are mapped to non-overlapping subsets of preamble indices through the following agreement:




	Agreements [4]:
· If many SSBs are mapped to one RACH transmission occasion, NR supports at least a mapping from different SSBs to non-overlapping subsets of RACH preamble indices within one RACH transmission occasion.
· FFS: Mapping to overlapping subsets




 Now, if RAPID within RAR payload denotes preamble index within the RO, then making RA-RNTI as a function of both RO and SSB index will generate some redundant information between RA-RNTI and RAR payload.
Besides, if one SSB is mapped to multiple ROs or only one SSB is mapped to one RO, then RO index itself implicitly conveys the SSB index. Making RA-RNTI as a function of both SSB and RO index will generate redundancy between RA-RNTI and RAR payload.
Observation 3: Making RA-RNTI dependent on both RO and SSB index may lead to redundancy between RA-RNTI and RAR payload.
Table 1 summarizes the pros and cons of these two different alternatives.
	Sync-RACH mapping
	Aspect
	Case#1
	Case#2

	1-to-1
	gNB flexibility
	--
	--

	
	UE complexity
	LOW
	LOW

	
	Redundancy between RA-RNTI and RAR payload
	NO
	YES

	1-to-many 
	gNB flexibility
	LOW
	LOW

	
	UE complexity
	LOW
	LOW

	
	Redundancy between RA-RNTI and RAR payload
	NO
	YES

	Many-to-1 
	gNB flexibility
	HIGH
	LOW

	
	UE complexity
	HIGH
	LOW

	
	Redundancy between RA-RNTI and RAR payload 
	NO
	MAY BE



Table: Pros and cons of the dependency of RA-RNTI on SSB index
Proposal 9: NR considers the pros and cons of the dependency of RA-RNTI on SSB index while designing RA-RNTI formula.
4. Threshold for SS Block Selection
Following agreements occurred in the previous two meetings [1],[2]:
	Agreements:
· 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

Agreements:
· It is up to UE implementation how to select the SS block and corresponding PRACH resource for path-loss estimation and (re)transmission based on SS blocks that satisfy threshold(s)
· If UE does not detect a SS block that satisfy threshold(s), it has the flexibility to select any SS block that allows UE to meet the target received power of the RACH preamble with its maximum transmit power
· UE has a flexibility to select its RX beam to find the list of SS blocks that satisfy the threshold(s)
· FFS: whether threshold(s) for SS block selection is configured or fixed in the spec 
· Counter of power ramping when UE changes its selected SS-block in message 1 re-transmission is unchanged





gNB can signal the threshold in terms of absolute value of RSRP. Since gNB has the freedom to set the threshold level, it can always ensure that UE picks an SS block with acceptable RSRP level if such an SS block is available to the UE. It also allows UE to have the flexibility to select any SS block to reduce initial access latency if multiple SS blocks’ RSRP are above threshold.
During the last meeting, it was pointed out that a threshold based on absolute RSRP leads to any ‘ping pong effect’, i.e., the RSRP of the SS block that UE selected during the first RACH transmission may fall below the threshold prior to UE’s subsequent RACH retransmission. In that case, UE will be mandated to select a different SS block during RACH retransmission whose RSRP lies above the threshold. However, this type of ‘ping pong effect’ could occur even if RSRP is set based on relative threshold. For example, if Gnb configures UE to only select the strongest SS block, then different SS blocks can become strongest, with respect to UE’s selected RX beam, during different RACH retransmissions. 
Proposal 10: For initial access, NR supports gNB configuring an absolute threshold, in terms of RSRP, for SS block selection for RACH resource association.

5. RACH Procedure Timeline
Following agreement occurred during the last meeting [1]:
	Agreements:
· Msg3 is scheduled by the uplink grant in RAR
· 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




The required gap between Msg2 reception and Msg3 transmission depends on the amount of time that the UE requires to be ready to transmit Msg3 after processing Msg2. The grant for Msg3 will be contained within the PDSCH portion of Msg2 and Msg3 will be transmitted via PUSCH. Hence, UE will have to try to detect a PDCCH with associated RA-RNTI, decode corresponding PDSCH if RA-RNTI matches and then be read to transmit Msg3 through PUSCH.
UE’s processing latency regarding this will come from both PHY and upper layer processors. NR is currently discussing required minimum gap between PDSCH and PUCCH for different numerologies and it is being captured in the section titled ‘UE processing time’ in 38.214. Assuming that gap to be N symbols, NR should provision at least 1 more slots to handle L2 latency since UE will have to look inside TB in this case.
On the other hand, the upper layer processing timeline of UE may not scale with PHY slot duration. Hence, upper layer processing timeline can be considered as a fixed value of T ms.
The overall minimum gap between Msg2 and Msg3 should be the maximum of these values, i.e., max{T, N + 14 symbols}
Proposal 11: The minimum gap between Msg2 reception and Msg3 transmission can be expressed as max{T, N + 14 symbols in Msg2/Msg3 numerology}. 
· T depends on UE’s upper layer processing time and can be determined based on UE vendors’ inputs.
· N denotes the minimum gap between PDSCH and PUCCH and depends on the smaller of the tone spacing between Msg2 and Msg3. Exact value of N can be directly taken from the agreements on UE processing time.

6. Timing Advance Command 
6.1. Timing Advance Command in RAR

The following agreement was reached during the last RAN1 meeting.

	Agreements:
· Maximum size of TA command for RAR is 12 (as a working assumption) bits.


Agreements:
· (Working assumption) For the timing advance in RAR, its granularity depends on:
· Subcarrier spacing of the first uplink transmission after RAR
· Supported by: Ericsson, CATT, Mediatek, ZTE, Sanechips, Huawei, Hisilicon, Qualcomm, LGE, Docomo

Table 3. Granularity of [12] bits TA command 
	Subcarrier Spacing (kHz) of the first uplink transmission after RAR
	Unit 

	15
	16*64 Ts

	30
	8*64 Ts

	60
	4*64 Ts

	120
	2*64 Ts



Note:  seconds.



In 5G NR, we support different numerology with different SCS and correspondingly the CP length will also be scaled. We therefore need to consider the impact of different numerology on timing advance as well. For a given number of TA command bits, the TA step size is proportional to the maximum TA range. For larger SCS spacing, the CP length will be smaller. Hence, as long as the range of the TA command conveyed in RAR satisfies target cell range, smaller TA step size based on SCS is more beneficial since it allows better TA accuracy.
Now, the working assumptions of the last meeting support up to 160 km and 320 km with 30 and 15 kHz respectively. This is the greater than the cell radiuses that NR is considering. Hence, NR should confirm these working assumptions.
Proposal 12: NR should confirm the following working assumptions as agreements.
· Maximum size of TA command for RAR is 12 bits.
· For the timing advance in RAR, its granularity depends on:
· Subcarrier spacing of the first uplink transmission after RAR

Table 3. Granularity of [12] bits TA command 
	Subcarrier Spacing (kHz) of the first uplink transmission after RAR
	Unit 

	15
	16*64 Ts

	30
	8*64 Ts

	60
	4*64 Ts

	120
	2*64 Ts



· Note:  seconds.

6.2 Timing Advance Command in MAC-CE

The following agreement was reached via email discussion thread 90b-NR-42 following RAN1#90bis: 
	Agreements:
1. Maximum size of TA command for MAC-CE is 6 (as a working assumption) bits.
1. For the timing advance in MAC-CE, its granularity depends on: 
a.     Subcarrier spacing of the UL BWP in the TAG that the TA in MAC-CE applies to, if there is only one configured UL BWP in the TAG, as shown in Table 1.
b.     Following alternatives for multiple configured UL BWPs in the TAG:
                                               i.     Alt 1: Maximum Subcarrier spacing of all semi-statically configured UL within the TAG, e.g., UL BWP, SUL, CC
                                             ii.     Alt 2: Maximum SCS of all activated UL BWPs within the TAG
                                            iii.     Alt 3: TA command or additional field in MAC-CE explicitly indicates the TA granularity used 
                                            iv.     Other alternatives are not precluded.

2.      Table I. Granularity of 6 bits TA command for the case of single UL BWP
	Subcarrier Spacing (kHz) of current UL BWP
	Unit 

	15
	16*64 Ts

	30
	8*64 Ts

	60
	4*64 Ts

	120
	2*64 Ts



Note:  seconds





We consider the alternatives Alt-1,2,3 and others for the case (2b) above, i.e., to determine TA granularity when the TAG for which the TA in MAC-CE applies contains multiple configured UL BWPs. We arrive at a proposal for this case.
Alt 2, i.e., “Maximum SCS of all activated UL BWPs”, is not desirable, due to the difficulty of specifying the timing relationship between the activation/deactivation command/message and the time at which the activation/deactivation are complete. This timing is complicated by the possibility of missing the DCI containing the activation/deactivation, or by variable number of HARQ retransmissions if activation/deactivation commands are carried in MAC-CE, and thus possible misalignment between gNB and UE as to which BWP is active.
Observation: Alternative 2, i.e., “Maximum SCS of all activated UL BWPs”, may lead to ambiguity if there is misalignment between gNB and UE as to which BWP is active.
Alt3 allows more dynamic switching of TA granularity, via MAC-CE. However, such switching has already been disallowed in case 2a with a single UL BWP. It is unclear that the mere presence of multiple BWPs with possibly different SCS implies additional necessity for such dynamic switching, given that all BWPs were configured to be in the same TAG. We could thus save some MAC-CE overhead by disallowing Alt3.
Observation: Alternative 3, i.e., TA command or additional field in MAC-CE explicitly indicating the TA granularity, increases MAC-CE overhead.
Alt1 makes the SCS associated with the TA granularity derivable from RRC configuration, namely, of the configured BWPs. Using the maximum SCS across all the configured BWPs may be simply seen as a way to avoid ambiguities in case different configured BWPs in the TAG have different SCS. Another such scheme would be to use the SCS of the BWP in which PUCCH is to be transmitted. However, such ambiguity could also be avoided by including a reference BWP via RRC configuration, and using the SCS of this reference BWP to derive TA granularity. This provides more flexibility at negligible extra overhead. The network could still implement Alt1 in this approach, by identifying the reference BWP as the one with the highest SCS. Further the reference BWP only needs to be indicated if the BWPs in the TAG don’t all have the same SCS. Thus, we propose the following:
Proposal 13:  When a TA command received in MAC-CE addresses a TAG containing multiple configured UL BWPs in one or more component carriers, the time granularity of the TA command depends on the SCS of the reference UL BWP. 
· The reference UL BWP is one of the configured UL BWPs that is identified by RRC configuration, if the UL BWPs don’t all have the same SCS. 
· If all the UL BWPs have the same SCS, a reference UL BWP need not be identified by RRC configuration, and any of the UL BWPs may be treated as the reference BWP for determining the TA command granularity. 
· The mapping between the SCS of the reference BWP and the TA granularity is the same as Table 2, i.e., same as the mapping between the SCS of the current BWP and TA granularity when only one BWP is configured.


7. Backoff Indication
NR has not determined the exact calculation of RA-RNTI. Depending on whether RA-RNTI is a function of SS block (SSB) index or not, RAR can be associated with either one or multiple SS blocks that the UEs selected to transmit Msg1. If RA- RNTI is a function of both SSB index and RACH transmission occasion (RO) index, RAR corresponds to only one SSB. On the other hand, if RA-RNTI is a function of RO index but not SSB index, RAR may correspond to multiple SSBs that got mapped to the same RO.
The congestion level corresponding to different SS blocks during Msg1 transmission can be different due to interference, e.g., some SS blocks’ directions could cover hotspots. Even if multiple SSBs are mapped to the same RO, following RAN1 agreement says that they will be mapped to different preamble indices.

	
Agreements:
· If many SSBs are mapped to one RACH transmission occasion, NR supports at least a mapping from different SSBs to non-overlapping subsets of RACH preamble indices within one RACH transmission occasion.
· FFS: Mapping to overlapping subsets




Hence, these SSBs that occupy non-overlapping subsets of RACH preamble indices can experience different congestion levels. 

In fact, even if the FFS point gets agreed where different SSBs are mapped to overlapping subsets of preamble indices, the congestion level can still be different. Assume that gNB transmits two SSBs towards two different directions at two different times. While receiving PRACH, gNB can receive simultaneously from two directions. That’s why, two SSBs are mapped to one PRACH resource. PRACH transmission of one UE which falls within the angular coverage of one direction does not interfere with that of another UE which falls within the angular coverage of another direction even if both UE select same preamble index and resource. In this case, the congestion for each UE comes from the other UEs that fall within the angular coverage of their respective directions.
Observation. The congestion level corresponding to different SS blocks, including the ones that get mapped to the same RACH transmission occasion, during Msg1 transmission can be different due to different interference levels. 
It is natural that the network should indicate backoff values of, at least, the one or multiple SS blocks that are associated with the corresponding RARs (i.e. RARs with the same RA-RNTI).
Proposal 14. Network should indicate the backoff values of, at least, the one or multiple SS blocks that are associated with the corresponding RARs (i.e. RARs with the same RA-RNTI).
UE has the flexibility to select a different SS block during Msg1 retransmission. As mentioned above, the appropriate backoff indicator for these SS blocks can be different as well. Specially, if there is severe congestion in some of the other SS blocks, gNB should convey those explicitly in RAR.
Proposal 15. Network can additionally indicate the backoff values and the indices of a set of SS blocks that are not associated with the corresponding RAR.
Some rules need to be designed to define UE’s behavior after it receives indication regarding backoff values for a set of SS blocks. One simple rule could be the following: UE assumes the backoff value of the actually transmitted SS blocks to be zero unless explicitly indicated via RAR.
[bookmark: _Hlk498554732]Proposal 16. UE assumes the backoff value of all actually transmitted SS blocks to be zero unless explicitly indicated via RAR.

8. Beam Reporting during RACH Procedure
8.1. Need for Additional Beam Reporting during RACH Procedure due to MPE

FCC’s MPE related regulation may prevent a UE to transmit towards a direction where it would cause damage to the skin [4]. In other words, a beam could be strongest in DL but may not be suitable in UL because it is blocked by hand and transmission in this direction would cause skin damage. Hence, UE might not be able to convey a ‘good’ DL TX beam through Msg1 of contention based random access procedure. However, if UE can convey this good beam through Msg3, Gnb can use this beam for Msg4 and further DL communications; where there is no MPE issue to prevent this from being used.
We now describe different procedures to report beam indices during RACH procedure.
8.2. Beam Reporting during Contention Based Random Access

The procedure for CBRA is shown in Figure 1, which is illustrated below:
· UE selects a “suitable” beam that satisfies threshold to send msg1 from the common RACH resources configuration associated with NR-SS.
· gNB sends Msg2 (RAR).   
· UE sends Msg3 with the strongest SS block index which indicates gNB a better TX beams for subsequent data transmissions
· After gNB receives the beam report, it could use refined gNB-UE beam pair from Msg4.   

[image: ]
Figure: Illustration of beam reporting procedure during CBRA 
Proposal 17: NR supports gNB configuring reporting of SS block index, e.g., strongest SS block index, through Msg3 of contention based random access.

8.3. Beam Refinement and Reporting during Contention Free Random Access

NR agreed to the following working assumption in the last meeting:
	Working assumption:
· For beam failure recovery request transmission on PRACH, support using the resource that is CDM with other PRACH resources.
· Note that CDM means the same sequence design with PRACH preambles. 
· Note that the preambles for PRACH for beam failure recover request transmission are chosen from those for content-free PRACH operation in Rel-15
· Note: this feature is not intended to have any impact on design related to other PRACH resources
· Further consider whether TDM with other PRACH is needed



Upon receiving a beam failure recovery request from UE, gNB should use the beam index conveyed by the UE and transmit CSI-RS based P2 signal to the UE accordingly. This will allow UE to find a refined beam based on its conveyed beam failure recovery request and report the refined beam index in the next UL transmission. The procedure for CFRA is shown in Figure 2.


Figure: Illustration of beam refinement and reporting procedure during CFRA 

Proposal 18: At least during CFRA to convey beam failure recovery request, NR supports transmission of dedicated CSI-RS sent along with Msg2 and reporting based on CSI-RS in the subsequent dedicated UL resource.

8.4. Beam Reporting in Contention Free Random Access during Handover through Dedicated Time/Frequency RACH Region

Transmission power of RACH transmission through common RACH resources and dedicated preamble indices within the common time/frequency RACH region needs to be scaled so that different UEs RACH transmission reach Gnb at similar power level. This ensures that RACH transmission of one UE does not interfere with that of other UEs.
However, in dedicated time domain RACH region, gNB can schedule the whole set of RACH resources – e.g. all preamble indices – to one UE if RACH load is lower in the network. Hence, gNB can allow this UE to transmit CFRA in dedicated time domain RACH region with higher transmit power and convey more information through Msg1.  
It has been mentioned before that UE may need to select a suitable SS beam to transmit Msg1 in both CBRA and CFRA to reduce RACH latency and to maintain MPE regulations. However, during CFRA through dedicated time domain RACH region, UE can convey additional SS/CSI-RS beam index, e.g., strongest DL SS/CSI-RS beam index, to gNB and gNB could use that to transmit Msg2 to UE. Figure 3 shows this beam reporting and management procedure through during CFRA through dedicated time/frequency domain RACH region of handover.

[image: ]
Figure: Illustration of beam reporting procedure during CFRA through dedicated time/frequency domain RACH region of handover
Proposal 19: During CFRA procedure of handover through dedicated time/frequency domain RACH resources, NR supports reporting of multiple SS block indices through Msg1.


9. CORESET of Msg2/3/4
RAN1 made the following agreement regarding the QCL assumptions of Msg3 and Msg4 grants during the last meeting.
	Agreements: (RAN1 90 bis)
· UE may assume that the DMRS of PDCCH conveying Msg3 retransmission grant is QCLed with the SS block that the UE selected for RACH association and transmission
Agreements: (RAN1 90 bis)
· If there is no beam reporting in RACH message 3, UE may assume that the DMRS of PDCCH and the DMRS of PDSCH conveying Msg4 are QCL’ed with the SS block that the UE selected for RACH association and transmission
· FFS: Whether to support beam reporting in Msg3
· FFS: If and how beam reporting in RACH message 3 impacts message 4 Tx QCL assumption



If the grant for Msg 2/3/4 comes in a symbol which is overlapped with an actually transmitted SSB, UE may find it infeasible to simultaneously decode the grant for RAR and track the SS block that is overlapped with the grant because UE may need two different RX beams to do those. Since the UE may select a different SS Block during retransmission, tracking all actually transmitted SS blocks during random access procedure is very important for the UE. Hence, NR should not support frequency division multiplexing of Msg 2/3/4 grant with an actually transmitted SS block.
[bookmark: _Hlk498633483]Observation: UE may find it infeasible to simultaneously decode the Msg 2/3/4 grant and track the SSB that is overlapped with the grant since it may require two different RX beams to do these operations.
Proposal 20: NR does not support frequency division multiplexing of RAR grant and actually transmitted SSBs.
Section 8 shows the advantages of beam reporting through Msg3. If beam reporting is configured, gNB can transmit Msg4 grant with the newly reported beam. On the other hand, if gNB does not receive UE’s reported beam properly, it will have to transmit the retransmission grant of Msg3 with the previously selected beam. However, UE is not aware of whether gNB received Msg3 properly. Hence, UE will have to monitor for Msg3 retransmission grant and Msg4 transmission grant during the same window. Separating the time location of Msg3 retransmission and Msg4 transmission grants will allow UE to receive these grants with the appropriate RX beams. However, if there is no beam reporting in Msg3, the CORESET for Msg3 and Msg4 can be same as Msg2.
[bookmark: _Hlk498633491]Proposal 21: If there is no beam reporting in RACH message 3, the CORESET for Msg3/Msg4 (re)transmission grants can be same as that of Msg2.
· FFS: Whether to support beam reporting in Msg3

10. RRC Parameters Related to RACH Configuration
Following RRC parameters related to RACH configuration got agreed during the last meeting.

· Following RRC parameters related to RACH configuration are agreed:
· High speed flag: 
· Range of values: {0, 1, 2}
· Prach-ConfigIndex:
· Range of values: [{0,1,..,255}]
· RootSequenceIndex:
· Range of values: 
· For long sequence: {0,1,…,837}
· For short sequence: {0,1,…,137} 
· RSRP-ThresholdSSBlock
· Range of values is FFS
· RSRP-ThresholdSUL
· Range of values is FFS
· ZeroCorrelationZoneConfig
· Range of values: {0,1,..,15}
· Msg3Waveform
· Range of values: {0, 1}
· Note: Index 0 and 1 refer to CP-OFDM and DFT-s-OFDM respectively
· PreambleInitialReceivedTargetPower
· Range of values is FFS

Proposal 22: In addition to above parameters, NR should at least support following RRC parameters.
· Number of CBRA preambles per SSB per RACH transmission occasion
· Range of values: 4 * N where 1 <= N <= 16
· Preamble mapping rule: {0,1}
· Number of SSBs per RO
· At least {1, …, 8} values should be supported.
· Note: allows Gnb to map all SSBs to one RACH transmission occasion
· prach-Msg1SequenceLength
· Range of values: {139,839}
· prach-Msg1SubcarrierSpacing
· Range of values: {15, 30} or {60, 120} kHz
· ra-PreambleIndexConfig
· zeroCorrelationZoneConfigDedicated
· Range of values: {0,1,..,15}
· RootSequenceIndexDedicated
· Range of values: {0,1,…,137}
· NR needs to discuss if long sequences are necessary to convey beam failure recovery request through CFRA. 
· ra-ResponseWindowSize
· RACH CORESET configuration
· Prach-ConfigIndexDedicated
· Reference UL BWP
· Needed to find TA granularity when multiple UL BWPs are configured
· Prach-FreqOffset, Msg3 tone spacing and number of FDMed RACH occasions are configured via initial active UL BWP configuration
11. Conclusion
Observation 1: Making RA-RNTI dependent on both RO and SSB index reduces gNB flexibility since it cannot transmit RARs corresponding to multiple SSBs with one RAR grant.
Observation 2: Making RA-RNTI dependent on both RO and SSB index reduces UE complexity since it does not need to decode the RAR grant corresponding to an SSB index that it did not select for Msg1 transmission.
Observation 3: Making RA-RNTI dependent on both RO and SSB index may lead to redundancy between RA-RNTI and RAR payload.
Observation 4: Alternative 2, i.e., “Maximum SCS of all activated UL BWPs”, may lead to ambiguity if there is misalignment between gNB and UE as to which BWP is active.
Observation 5: Alternative 3, i.e., TA command or additional field in MAC-CE explicitly indicating the TA granularity, increases MAC-CE overhead.
Observation 6: The congestion level corresponding to different SS blocks, including the ones that get mapped to the same RACH transmission occasion, during Msg1 transmission can be different due to different interference levels. 
Observation 7: UE may find it infeasible to simultaneously decode the Msg 2/3/4 grant and track the SSB that is overlapped with the grant since it may require two different RX beams to do these operations.

Proposal 1: In NR, Preamble indices for CBRA and CFRA for one SSB are not mapped consecutively in one RACH transmission occasion.
Proposal 2: NR supports two different mapping rules from SSB(s) to RACH resources and preamble indices.
I) In one mapping rule (mapping rule #1), RACH resources corresponding to different SS blocks are time division multiplexed.
II) In the other mapping rule (mapping rule #2),  RACH resources corresponding to different SS blocks are located at the same time region.
III) gNB conveys the mapping rule through RMSI.

Proposal 3: NR supports gNB explicitly configuring the number of preambles for CBRA per SSB in each RO.
Proposal 4: NR supports gNB explicitly conveying the number of SSBs that can be mapped to one RO for mapping rule #2.
· If mapping rule #1 is configured, UE disregards this information and assumes that one SSB is mapped to all ROs that are located at the same time instance. 

Proposal 5: The pattern of mapping from SSB to RACH transmission occasions/preamble indices repeats across RACH configuration periods.
· Note: Some rules need to be defined to handle scenarios where the number of supportable SSBs, which can be mapped to all available RACH transmission occasions in one RACH configuration period, is not an integer multiple of the number of actually transmitted SSBs.

Proposal 6: NR considers the detailed mapping rules that are mentioned below.
Mapping rule - I
· In every RACH configuration period, 1st actually transmitted SSB is mapped to all preamble indices that are available for CBRA in all FDMed RACH transmission occasions of the first available RACH transmission time instance.
· Thereafter, actually transmitted SSBs are mapped in the increasing order of RACH transmission time instance.
· Note: Special rules are defined to ensure that the pattern of mapping from SSBs to RACH transmission occasions repeat across RACH configuration periods.

Mapping rule – II
· In every RACH configuration period, 1st actually transmitted SSB is mapped to the range of 1st set of preambles, where the set size is equal to the configured preamble indices for CBRA per SSB, in the RACH transmission occasion that has the lowest subcarrier region index and is located at the first available RACH transmission time instance.
· Thereafter, actually transmitted SSBs are mapped in the increasing order of available preamble indices for CBRA within one RACH transmission occasion, frequency multiplexed RACH transmission occasions and RACH transmission time instances.
· Note: Special rules are defined to ensure that the pattern of mapping from SSBs to RACH transmission occasions and RACH preamble indices repeat across RACH configuration periods.

Proposal 7: RA-RNTI calculation includes at least index of RACH transmission occasion, instead of symbol and slot index.
Proposal 8. RA-RANI calculation includes at least uplink index in a cell configured with supplemental uplink.
Proposal 9: NR considers the pros and cons of the dependency of RA-RNTI on SSB index while designing RA-RNTI formula.
Proposal 10: For initial access, NR supports gNB configuring an absolute threshold, in terms of RSRP, for SS block selection for RACH resource association.
Proposal 11: The minimum gap between Msg2 reception and Msg3 transmission can be expressed as max{T, N + 14 symbols in Msg2/Msg3 numerology}. 
· T depends on UE’s upper layer processing time and can be determined based on UE vendors’ inputs.
· N denotes the minimum gap between PDSCH and PUCCH. It depends on the smaller of the tone spacing between Msg2 and Msg3. Exact value of N can be directly taken from the agreements on ‘UE processing time’.

Proposal 12: NR should confirm the following working assumptions as agreements.
· Maximum size of TA command for RAR is 12 bits.
· For the timing advance in RAR, its granularity depends on:
· Subcarrier spacing of the first uplink transmission after RAR

Table 3. Granularity of [12] bits TA command 
	Subcarrier Spacing (kHz) of the first uplink transmission after RAR
	Unit 

	15
	16*64 Ts

	30
	8*64 Ts

	60
	4*64 Ts

	120
	2*64 Ts



· Note:  seconds.

Proposal 13.  When a TA command received in MAC-CE addresses a TAG containing multiple configured UL BWPs in one or more component carriers, the time granularity of the TA command depends on the SCS of the reference UL BWP. 
· The reference UL BWP is one of the configured UL BWPs that is identified by RRC configuration, if the UL BWPs don’t all have the same SCS. 
· If all the UL BWPs have the same SCS, a reference UL BWP need not be identified by RRC configuration, and any of the UL BWPs may be treated as the reference BWP for determining the TA command granularity. 
· The mapping between the SCS of the reference BWP and the TA granularity is the same as Table 2, i.e., same as the mapping between the SCS of the current BWP and TA granularity when only one BWP is configured.

Proposal 14. Network should indicate the backoff values of, at least, the one or multiple SS blocks that are associated with the corresponding RARs (i.e. RARs with the same RA-RNTI).
Proposal 15. Network can additionally indicate the backoff values and the indices of a set of SS blocks that are not associated with the corresponding RAR.
Proposal 16. UE assumes the backoff value of all actually transmitted SS blocks to be zero unless explicitly indicated via RAR.
Proposal 17. NR supports gNB configuring reporting of SS block index, e.g., strongest SS block index, through Msg3 of contention based random access.

Proposal 18. At least during CFRA to convey beam failure recovery request, NR supports transmission of dedicated CSI-RS sent along with Msg2 and reporting based on CSI-RS in the subsequent dedicated UL resource.
Proposal 19. During CFRA procedure of handover through dedicated time/frequency domain RACH resources, NR supports reporting of multiple SS block indices through Msg1.
Proposal 20. NR does not support frequency division multiplexing of RAR grant and actually transmitted SSBs.
Proposal 21. If there is no beam reporting in RACH message 3, the CORESET for Msg3/Msg4 (re)transmission grants can be same as that of Msg2.
· FFS: Whether to support beam reporting in Msg3

Proposal 22: In addition to above parameters, NR should at least support following RRC parameters.
· Number of CBRA preambles per SSB per RACH transmission occasion
· Range of values: 4 * N where 1 <= N <= 16
· Preamble mapping rule: {0,1}
· Number of SSBs per RO
· At least {1, …, 8} values should be supported.
· Note: allows Gnb to map all SSBs to one RACH transmission occasion
· prach-Msg1SequenceLength
· Range of values: {139,839}
· prach-Msg1SubcarrierSpacing
· Range of values: {15, 30} or {60, 120} kHz
· ra-PreambleIndexConfig
· zeroCorrelationZoneConfigDedicated
· Range of values: {0,1,..,15}
· RootSequenceIndexDedicated
· Range of values: {0,1,…,137}
· NR needs to discuss if long sequences are necessary to convey beam failure recovery request through CFRA. 
· ra-ResponseWindowSize
· RACH CORESET configuration
· Prach-ConfigIndexDedicated
· Reference UL BWP
· Needed to find TA granularity when multiple UL BWPs are configured
· Prach-FreqOffset, Msg3 tone spacing and number of FDMed RACH occasions are configured via initial active UL BWP configuration
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