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[bookmark: _Ref506392221]Introduction
In this paper, we discuss some remaining issues in the RACH procedure. We first discuss when is the proper timing to adjust TA timing when UE receives a TA adjustment command. In the following section, we discuss whether a BWP index should be included in a PDCCH order. Then we share our views on the RACH search space. Finally the QCL assumption in RACH procedure is discussed especially for RRC connected UEs. This is a revised version of R1-1806771.  
[bookmark: _Ref506454885][bookmark: _Ref510849702]TA adjustment timing
	Working assumption: (RAN1 #92bis)
[bookmark: _Hlk511886682]For a TA command in MAC-CE received on slot n, the corresponding adjustment of the uplink transmission timing shall apply from the beginning of slot n+k where k-1 is equal to ceil((duration of N1 + L2 + duration of N2 + TA_max)/slot_duration) and where
· N1 refers to the value determined in control session with front loaded plus additional DMRS and UE capability #1
· N2 also refers to the value determined in control session with UE capability #1
· L2 refers to the MAC processing latency and is equal to 0.5 msec.
· TA_max is equal to the maximum timing advance value that the 12 bit TA command can provide with respect to the UL SCS
· Note: Spec captures the value k for different SCS
· UE is not expected that UL transmissions in the same slot shall apply different TA values
· If this happens, it is up to UE’s implementation.
· FFS: the reference SCS of slot n+k and the time duration of (k-1) slots when UL and DL have different SCSs.



In the above working assumption agreed at RAN1 #92bis meeting, there are two issues to be further clarified. The first issue is the reference SCS(s) when UL and DL have different sub-carrier spacings. And the other issue is that the definition of TA_max when UL carriers belonging to the same TAG have different SCSs. 
According to the agreements in the control session, when downlink and uplink have different SCSs, the N1 and N2 values are determined by the minimum SCS of DL and UL SCSs. In a similar way, we think that the reference SCS of N1 shall be determined by the minimum SCS of the subcarrier spacing of the downlink carrier with which the TA command is transmitted and the subcarrier spacing of the uplink channel with which the HARQ-ACK is to be transmitted. The reference SCS for N2 is determined by the minimum SCS of the subcarrier spacing of the downlink carrier with which the PDCCH with UL grant is transmitted and the subcarrier spacing of the uplink carrier with which the scheduled uplink transmission is to be transmitted. 
[bookmark: _Ref514186221]Observation 1: According to the agreements in control session, N1 is determined by min(SCS of DL where TA is transmitted, SCS of UL where HARQ-ACK to be transmitted).
[bookmark: _Ref514186229]Observation 2: According to the agreements in control session, N2 is determined by min(SCS of DL where PDCCH with UL grant is transmitted, SCS of UL where the scheduled uplink transmission is to be transmitted). 
As to TA_max, based on the current working assumption, it only considers the uplink carrier with which the updated TA value is applied to. But when a TAG contains more than one uplink carrier and not all of them have the same SCS, this working assumption results in different TA_max values. This increases implementation complexity not only in the UE but also in the network side. 
[bookmark: _Ref514186236]Observation 3: If a TAG contains multiple uplink carriers with different SCSs, the current working assumption results in different TA_max values. 
Furthermore, please note that when the uplink carriers in a TAG are associated with several serving cells (downlink carriers), then the DL-UL pair to determine N2 can be different from that to determine N1. Therefore, based on the above observations and for the sake of implementation simplicity, we first have the following proposal. 
[bookmark: _Ref514184795]Proposal 1: For a TA command, the corresponding adjustment timing is the same for all uplink carriers in a TAG. 
Then, we propose to confirm the working assumption with the some modification highlighted in red color as follows.
[bookmark: _Ref513880326]Proposal 2: For a TA command in MAC-CE received on slot n, the corresponding adjustment of the uplink transmission timing shall apply from the beginning of slot n+k where k-1 is equal to ceil((duration of N1 + L2 + duration of N2 + TA_max)/slot_duration) and where
· N1 refers to the value determined in control session with front loaded plus additional DMRS and UE capability #1 and is determined by the reference SCS
· N2 also refers to the value determined in control session with UE capability #1 and is determined by the reference SCS 
· L2 refers to the MAC processing latency and is equal to 0.5 msec.
· TA_max is equal to the maximum timing advance value that the 12 bit TA command can provide with respect to the UL SCS  reference SCS
· Note: Spec captures the value k for different reference SCS
· UE is not expected that UL transmissions in the same slot shall apply different TA values
· If this happens, it is up to UE’s implementation.
· The reference SCS is the minimum SCS among the subcarrier spacings of all uplink carriers in a TAG and their corresponding downlink carriers. 
· Slot n, slot n+k, the time duration of (k-1) slots, and slot_duration are based on the reference SCS.
DCI design for PDCCH order
At the RAN1 AH1801 meeting, RAN1 received an LS from RAN2 asking about what fields to be included in a PDCCH order to trigger a random access procedure [1]. At RAN1 #92bis meeting, RAN1 reached an agreement to include the following fields in a PDCCH order. Whether to include a BWP index becomes a remaining issue. 
	Agreements: (RAN1 #92bis)
· PDCCH order for RACH procedure includes the following fields:
· Random Access Preamble index – 6 bits. Indicating which Random access preamble to use in case of contention-free random access procedure, or the value 000000 in case of contention-based random access procedure
· For CFRA only:
· FFS BWP index. Indicating which BWP to transmit the Random access preamble on
· SUL indicator – 1 bit. Indicating whether to transmit the Random access preamble on SUL or normal uplink carrier
· SSB index - 6 bits are used to indicate an SSB index, which, in turn, identifies a group of RACH occasions
· RACH occasion index - 3 bits are used to indicate the relative RACH occasion index that corresponds to the indicated SSB index identified group of RACH occasions



	Section 15: Bandwidth part operation in TS38.321 [2]
Upon initiation of the Random Access procedure, the MAC entity shall:
1>	if PRACH resources are configured for the active UL BWP:
2>	perform the Random Access procedure on the active DL BWP and UL BWP.
1>	else (i.e. PRACH resources are not configured for the active UL BWP):
2>	switch to initial DL BWP and UL BWP;
2>	perform the Random Access procedure on the initial DL BWP and UL BWP.



	Agreements (RAN2 #101)
=>	For FDD and CBRA, PRACH configuration/resources are linked with DL BWPs (implicitly or explicitly).  The UE only monitors RAR on DL BWPs that are linked to the used PRACH resources
=>	Working assumption: UL BWP k is linked with DL BWP k. If the UE intends to transmit preamble on UL BWP k, then the active DL BWP has to be DL BWP k.  ASN.1 signalling supports this



	Agreements: (RAN1 #92)
· A UE is not expected to receive a DCI indicating active DL (UL) BWP change in OFDM symbols other than the first 3 OFDM symbols of a slot



Based on the description of BWP operation in TS 38.321, it is clear that UE can switch to the initial active UL and DL BWPs for a RACH procedure if there is no RACH resources in its current active UL BWP. Therefore, we do not think it is necessary to include the BWP index in the PDCCH order. However, if the BWP index is indeed to be included, we think it should be used only for contention-free random access. For CBRA in FDD, RAN2 has agreed there is a linkage between PRACH resources and DL BWPs. If the BWP index is included in the PDCCH order, it implies in FDD UE has to change only UL BWP for CFRA while it has to change both UL and DL BWPs for CBRA. It is preferred if the UE behaviour after receiving a PDCCH order can be as unified as possible. 
Though the timing gap between PDCCH order reception and Msg1 transmission has been discussed, we think the symbol location of the PDCCH order should be further discussed. Similar to the agreement made in the BWP session, the DCI carrying a PDCCH order should be transmitted within the first three OFDM symbols since configurations are written to hardware in per slot basis. 
[bookmark: _Ref513880367]Proposal 3: UE is not expected to receive a DCI carrying a PDCCH order in OFDM symbols other than the first 3 OFDM symbols of a slot. 
[bookmark: _Ref513880381]Proposal 4: NR selects one of the following proposals:
· Alt. 1: PDCCH order does not include a BWP index. 
· Alt. 2: PDCCH order includes a BWP index for CFRA.
· The number of bits for the BWP index is 2.
Msg3 coverage enhancement 
According to RAN2’s LS [3], the Msg3 size being considered in NR is 56 bits and 72 bits for RRC Connection Request and for RRC Connection Resume Request, respectively. However, based on the RAN1’s LS to RAN2 [4] , Msg.3 TB size larger than 56 bits for NR has a risk of reducing the coverage of Msg.3 PUSCH compared to LTE Msg.3 PUSCH. It is important for NR to support the same coverage as LTE especially in the beginning of NR deployment stage. Therefore, we would like discuss some possible solutions to this problem from RAN1’s perspective. 
A first solution is to use the existing HARQ mechanism. Similar to other PUSCH transmissions, the HARQ mechanism is applied to Msg3. If Msg3 cannot be detected successfully, the network schedules another uplink grant to the UE for Msg3 retransmission. This solution causes no impact on specification at the cost of latency increase. 
Another solution is to introduce the cross-slot aggregation function to Msg3 transmission. In NR, it has been agreed that slot aggregation in uplink can be configured by the UE specific RRC parameter pusch-AggregationFactor (enum{n2, n4, n8}). However, since it is configured by UE specific signaling, it is not applicable to PUSCH transmissions before RRC connection such as Msg3, unless some modification is introduced to the specification. For example, one-bit signaling can be used to indicate whether time-domain repetition is enabled or not for Msg3 transmission. Specifically, the indication of slot aggregation for Msg3 transmission can be carried by RMSI or UL grant in RAR. At this stage, indication in RAR may be a better choice than in RMSI. If it is enabled, then the corresponding UE transmits Msg3 for two slots in a row. Otherwise, UE transmits Msg3 in the slot according to the time-domain resource allocation in the UL grant in MAC RAR.  In summary, to resolve the Msg3 coverage issue, we have the following proposal.
[bookmark: _Ref514184925][bookmark: _Ref513880462]Proposal 5: One or two bits of the reserved bits in RAR can be used to indicate the slot aggregation level for Msg3 transmission. 
· This one or two bits are considered as part of the UL grant in RAR. 
RRC Connected: QCL assumption 
At previous RAN1 meetings, we had made the following agreements on SSB selection principle for Msg1 transmission and quasi co-located (QCL) assumption for RACH.  
	Agreements: (RAN1 #90)
· 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



	Agreements: (RAN1 #90bis)
· UE may assume that the DMRS of PDCCH and the DMRS of PDSCH conveying Msg2 are QCL'ed with the SS block that the UE selected for RACH association and transmission 
· 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
· 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



However, in RRC_CONNECTED mode, UE can be configured with additional DL BWPs that can support full finalities of common search space for RMSI, OSI, paging and random access. 
	Agreements: (RAN1 #91)
· C-SS in each DL BWP of the PCell/PScell
· On C-SS, Yp ,kp= 0.
· In Rel.15, 
· For scheduling RMSI, OSI, Paging, UE monitors common search space in the PCell only
· In addition, for random access and fall back, UE monitors common search space in the PCell and PSCell only
· Working assumption: The UE is not expected to be configured without C-SS on the PCell (PSCell) in the active DL BWP 
· NOTE: RAN1 does not expect additional impact on the UE behavior due to not having PRACH resource in the BWP
· Working assumption: In Rel.15, 
· A UE is expected to monitor C-SS (if configured) in the activated BWP
· Full functionalities of C-SS (scheduling RMSI, OSI, Paging, random access, etc) are supported by the C-SS configured by UE-specific RRC signaling.
· All RRC parameters defined for UE-SS are also defined for C-SS that is configured by UE-specific RRC signaling.



	Section 10.1 of TS 38.213 Error! Reference source not found.
If a UE is configured for downlink bandwidth part (BWP) operation, the above configurations for the common search spaces apply for the initial active DL BWP. The UE can be additionally configured a control resource set for Type0-PDCCH common search space, Type0A-PDCCH common search space, Type1-PDCCH common search space, or Type2-PDCCH common search space for each configured DL BWP on the primary cell, other than the initial active DL BWP.



According to the above agreements in control session and statements in TS38.213, in RRC_CONNECTED mode, Type0, Type0A, Type1, and Type2-PDCCH C-SS may be all associated with the same CORESET. Hence they are associated with the same TCI-State and have the same QCL assumption. An example is illustrate in Figure 1. With all the information about CORESET and search space configuration for UE in connected, now, we take a second look at the SSB selection principle for Msg1 transmission that was agreed in RAN1 #90 meeting. If the SSB selection principle still applies to Msg1 transmission in connected mode contention-based random access (CBRA), it implies that Type-1 PDCCH C-SS may have different QCL assumption than other C-SSs. Then during the time duration when UE monitors Msg2/Msg3 reTx scheduling/Msg4, what QCL association should UE assume for the CORESET associated with common search space? And how can UE monitors all the different types of PDCCH C-SS at the same time? We hence have the following two proposals to be down selected from. 



[bookmark: _Ref510799609]Figure 1: In connected mode, Type0, Type0A, Type1, and Type2-PDCCH C-SS may be all associated with the same CORESET and the same transmission configuration indication state (TCI-State).

[bookmark: _Ref510851253][bookmark: _Ref510851270]Proposal 6: NR should discuss how UE selects RACH preamble indices/resources for contention-based random access in RRC_CONNECTED mode.
[bookmark: _Ref510802269]Proposal 7: When UE conducts CBRA in RRC connected mode, UE selects RACH preamble indices/resources that are associated with the downlink reference signal that QCL’ed with the DM-RS antenna port(s) associated with PDCCH reception in common search space(s) where UE is expected to monitor the random access response.
[bookmark: _Ref510802282]Proposal 8: If the SSB that UE selects for RACH association and Msg1 (re)transmission is not quasi-co-located (QCLed) with the DM-RS antenna port associated with PDCCH reception in the Type0-PDCCH common search space, the Type0A-PDCCH common search space, the Type2-PDCCH common search space, or Type3-PDCCH common search space, UE is not expected to decode PDSCH indicated by a PDCCH scrambled by an RNTI other than RA-RNTI if they are assigned in the same time instance.

Conclusions  
In this contribution, we make the following observations. 
Observation 1: According to the agreements in control session, N1 is determined by min(SCS of DL where TA is transmitted, SCS of UL where HARQ-ACK to be transmitted).
Observation 2: According to the agreements in control session, N2 is determined by min(SCS of DL where PDCCH with UL grant is transmitted, SCS of UL where the scheduled uplink transmission is to be transmitted).
Observation 3: If a TAG contains multiple uplink carriers with different SCSs, the current working assumption results in different TA_max values.
And we make the following proposals.
Proposal 1: For a TA command, the corresponding adjustment timing is the same for all uplink carriers in a TAG.
Proposal 2: For a TA command in MAC-CE received on slot n, the corresponding adjustment of the uplink transmission timing shall apply from the beginning of slot n+k where k-1 is equal to ceil((duration of N1 + L2 + duration of N2 + TA_max)/slot_duration) and where
· N1 refers to the value determined in control session with front loaded plus additional DMRS and UE capability #1 and is determined by the reference SCS
· N2 also refers to the value determined in control session with UE capability #1 and is determined by the reference SCS 
· L2 refers to the MAC processing latency and is equal to 0.5 msec.
· TA_max is equal to the maximum timing advance value that the 12 bit TA command can provide with respect to the UL SCS  reference SCS
· Note: Spec captures the value k for different reference SCS
· UE is not expected that UL transmissions in the same slot shall apply different TA values
· If this happens, it is up to UE’s implementation.
· The reference SCS is the minimum SCS among the subcarrier spacings of all uplink carriers in a TAG and their corresponding downlink carriers. 
· [bookmark: _GoBack]Slot n, slot n+k, the time duration of (k-1) slots, and slot_duration are based on the reference SCS.
Proposal 3: UE is not expected to receive a DCI carrying a PDCCH order in OFDM symbols other than the first 3 OFDM symbols of a slot.
Proposal 4: NR selects one of the following proposals:
· Alt. 1: PDCCH order does not include a BWP index. 
· Alt. 2: PDCCH order includes a BWP index for CFRA.
· The number of bits for the BWP index is 2.
Proposal 5: One or two bits of the reserved bits in RAR can be used to indicate the slot aggregation level for Msg3 transmission.
Proposal 6: NR should discuss how UE selects RACH preamble indices/resources for contention-based random access in RRC_CONNECTED mode.
Proposal 7: When UE conducts CBRA in RRC connected mode, UE selects RACH preamble indices/resources that are associated with the downlink reference signal that QCL’ed with the DM-RS antenna port(s) associated with PDCCH reception in common search space(s) where UE is expected to monitor the random access response.
Proposal 8: If the SSB that UE selects for RACH association and Msg1 (re)transmission is not quasi-co-located (QCLed) with the DM-RS antenna port associated with PDCCH reception in the Type0-PDCCH common search space, the Type0A-PDCCH common search space, the Type2-PDCCH common search space, or Type3-PDCCH common search space, UE is not expected to decode PDSCH indicated by a PDCCH scrambled by an RNTI other than RA-RNTI if they are assigned in the same time instance.
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