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[bookmark: _Ref506392221]Introduction
In this paper, we discuss some remaining issues in the RACH procedure. We first discuss the simultaneous PRACH transmission with other uplink channels or signals responding the LS from RAN2 about supporting parallel RACH and SR procedures. Then, we share our views on the remaining issues related to the timing of each message in a RACH procedure. We also discuss when is the proper timing to adjust TA timing when UE receives the TA adjustment command. In the following section, we discuss configuration of RACH RRC parameters. Specifically, we point out some configurations are not reasonable and should be precluded to reduce implementation and verification efforts. Then we switch gears to address RACH in RRC connected mode focusing on the QCL assumption and Msg1 transmission principle for RACH. We also continue the discussion of DCI design for PDCCH order. Finally, we provide some text proposals in the end of this contribution. This is a revised version of R1-1804047. 

[bookmark: _Ref506454885]Simultaneous PRACH and PUXCH/SRS transmission
At the previous meeting, RAN1 received an LS from RAN2 saying that parallel RACH and SR procedures are supported in NR for the single cell, CA and DC cases. 
	Overall Description from RAN2 LS [1]
In the current RAN2 specs, a UE could perform random access procedure and scheduling request procedure in parallel for single cell, CA, and DC. The UE may need to perform PRACH transmission and SR transmission in the same slot. 
RAN2 doesn’t expect any changes in RAN2 specification and would like to inform RAN1 of this possible situation.



To support parallel RACH and SR procedures, it may command UE to perform not only simultaneous transmission of PRACH and PUCCH but also of PRACH and PUSCH or of PUCCH and Msg3 within the same slot. It is challenging to UE to support simultaneous uplink transmission at the same time instance for the single cell or CA cases because UE may need to handle intermodulation, power transient and maybe a potential phase offset issue. Due to these challenges in physical layer, RAN1 has been trying to avoid simultaneous uplink transmission which can be observed from the following agreements. 
· Simultaneous transmission of PUSCH and PUCCH is not supported in Rel-15 [2, RP #77].
· No FDM’ed PUSCHs [3, UE feature list agreed in RAN1 #92]
· A UE shall not transmit simultaneously SRS resource(s) and PRACH. If a UE is configured with an SRS resource and PRACH in the same OFDM symbols in a slot, SRS is not transmitted in the overlapping symbols.

Furthermore, because the TA value applied to PRACH is different from that for PUCCH/PUSCH/SRS, either PRACH or the other signal is no longer symbol aligned when UE generates the composite signal to be transmitted. Figure 1 illustrates an example of simultaneous transmission of PRACH and PUXCH/SRS within the same slot. This implies the granularity of configuration should be finer than the OFDM symbol level in UE implementation. It is not reasonable to demand UE to support this before the benefit and use cases are clearly justified. Hence, NR should prevent such scheduling to happen. 
Knowing the challenges from physical layer, in our companion contribution in RAN2 [5], we provide some solutions to support parallel RACH and SR procedures while without increasing UE complexity. 
[bookmark: _Ref510801935]Observation 1: Simultaneous uplink transmission is challenging to UE implementation and is avoided in NR, at least in Rel-15. 
[bookmark: _Ref510801948][bookmark: _Ref510857186][bookmark: _Ref510849754][bookmark: _Ref510801969]Observation 2: Because of TA, it is still complicated for UE if PRACH can be transmitted with another uplink channel or signal within the same slot regardless of whether they have overlapping symbols or not. 
[bookmark: _Ref511476017]Proposal 1: UE does not simultaneously transmit PRACH and PUXCH/SRS in the same slot for the single cell and CA cases.
· If a UE is configured with PRACH and PUXCH in the same slot, PUXCH is not transmitted.
· PUXCH stands for PUCCH or PUSCH or both. 
· If a UE is configured with PRACH and SRS resources in the same slot, SRS is not transmitted.


[bookmark: _Ref510802100]Proposal 2: Send an LS to RAN2 and respectfully ask them to take the above agreements into consideration.
[bookmark: _Ref511476091]Proposal 3: 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.



[bookmark: _Ref511394238]Figure 1: According to [1], the timing advance applied to PRACH is NTA_OFFSET and is different from other uplink channels (e.g. PUCCH and PUSCH) and signals (e.g. SRS). If PRACH is transmitted within the same slot with PUXCH/SRS, it implies the timing of configuration is not always symbol aligned in Figure 1(b). 
[bookmark: _Ref510849702]TA adjustment timing
The contents of this section are basically duplicated from those in our companion paper [6]. 
During an offline discussion in RAN1 #92 meeting, the issue of adjustment timing of TA command in MAC-CE was discussed. The following alternatives were proposed. 
	Offline discussion (RAN1 #92)
The minimum time gap between the reception of 6 bit TA command - conveyed through PDSCH - and the corresponding adjustment of the uplink transmission timing, when PDSCH and uplink transmission have the same SCS, is given by the following equation:
· Alt 1: Duration of N1 + duration of N2 + L2
· Alt 2: max{1 ms, Duration of N1 + duration of L2 + TA_new}
· Alt 3: Duration of N1 + duration of N2 + duration of L2 + TA_new
· N1 refers to the value determined in control session with front loaded plus additional DMRS and depends on UE capability
· N2 also refers to the value determined in control session and depends on UE capability
· L2 refers to the MAC processing latency and is equal to 0.5 msec.
· Note: If PDSCH and uplink transmission have different SCS, values of N1 and N2 will refer to the ones determined in control session.”




The problem with Alt 1 is that it is referenced to the transmission timing at the UE side. We think it would induce less ambiguity if we specify the timeline from the perspective of the timing at the base station. In other words, when the uplink transmission is expected to be received at the base station. 
	As to Alt 2, it simply considers when the new TA value is parsed and known to UE. However, it does not take the preparation time of an uplink transmission into account. The preparation time of an uplink transmission can be approximated to N2 symbols which has been concluded in the control session. The problem with Alt 2 is illustrated in Figure 2. As illustrated in the upper part of Figure 3, the new TA is available at time t1, after UE decodes PDCCH and PDSCH and reads TA command at the higher layer. Intuitively, the new TA value can be applied to PUSCH scheduled in time instance after a duration of N1+L2+new_TA since the ending of the received PDSCH carrying TA command. However, as shown in the lower part of the following figure, what if the UL grant for the scheduled PUSCH is received before the new TA is available and the corresponding PUSCH preparation is not ready until time t2, what TA value should be applied to this PUSCH transmission? By time t2, the new TA value is already available. However, the preparation for PUSCH to be transmitted at time t2 is almost done as well. If UE is required to apply new TA instead of the old TA to the scheduled PUSCH, it definitely needs some time to (re)generate the PUSCH.  
[bookmark: _Ref511472919]Proposal 4: The preparation timing of an uplink transmission, i.e. duration of N2 symbols, should be taken into consideration when discussing the adjustment timing of a received TA command. 



[bookmark: _Ref511469204]Figure 2: Illustration of a problem with Alt 2.

Finally, we discuss problems with Alt 3. As illustrated in Figure 3, Alt 3 takes all the timing components such as N1, L2, N2, and TA into account. Theoretically, it seems the minimum timing gap between the reception of a TA command and the applicable timing to a scheduled uplink transmission. However, there are some problems with Alt 3 as well. In Figure 3, a PDSCH carrying a TA command is received in slot n. Then UE knows the new TA value at time t1=N1+L2 after it does PDCCH and PDCSH decoding and does parsing of the TA command in the MAC layer. Please note that in the practical UE implementation, the time when the new TA is available can be different from that the time when the new TA can be used by the UE. The later timing depends on how often UE applies the parameters and is highly UE implementation dependent. For example, though different parameters can be configured to different transmissions in different OFDM symbols with a slot, it is still highly likely that UE writes in the configuration parameters on a per slot basis. 
[bookmark: _Ref511472872]Observation 3: The time when the new TA value is known to the UE and the time when the new TA value can be used by the UE are different. The later timing is highly UE implementation dependent. 

Another problem with Alt 3 is that the time t2 can be in the middle of a slot as illustrated in Figure 3. If Alt 3 is agreed, then it implies a scheduled uplink transmission after t2 can apply the new TA, i.e. PUSCH1 in the illustration. However, if there is another uplink transmission, i.e. PUSCH0, scheduled in the same slot with PUSCH1 but is before t2, then this enforces UE applies two different TA values to uplink transmissions that are scheduled in the same slot! 
[bookmark: _Ref511475979]Observation 4: When the adjustment timing corresponding to a received TA command is not aligned with slot boundaries, UE may have to apply different TA values to uplink transmissions in the same slot.  



[bookmark: _Ref510766117]Figure 3: One of the problem with Alt 3 is that the time t2 could be in the middle of a slot as illustrated. Then based on Alt.3, the scheduled PUSCH0 which is before t2 and applies the old TA value while the scheduled PUSCH1 which is after t2 and applies the new TA value.

Furthermore, we think the adjustment timing corresponding to the TA command in RAR should be also discussed. Due to the support of mini-slot transmission, there may be more than one uplink transmission in the same slot, especially in connected mode. If they are applied with different TA values, it would increase UE complexity to support this. Please see more details about this discussion in our companion contribution Error! Reference source not found.. 
Based on the above analysis and observations, we make the following proposals. 
[bookmark: _Ref510772688][bookmark: _Ref511472928]Proposal 5: For a TA command received on slot n, the corresponding adjustment of the uplink transmission timing shall apply from the beginning of slot n+k where the time duration of (k-1) slots is larger than or equal to ceil(duration of N1 + L2)_to_slot + duration of N2 + TA_new, 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_new refers to the updated TA based on the received timing adjustment command in MAC-CE. 
· 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.
· Note: If PDSCH and uplink transmission have different SCS, values of N1 and N2 will refer to the ones determined in control session
· Note: The TA command includes the 6-bit TA command in MAC-CE and the 12-bit TA command in RAR.
RACH procedure timing
The following are the remaining issues related to timing in the RACH procedure: 
1. Minimum timing gap between the end of RAR window and Msg1 retransmission
2. Minimum timing gap between PDCCH order reception and Msg1 transmission
3. Revisit of minimum timing gap between Msg2 and Msg3
4. Minimum timing gap between Msg4 and its HARQ-ACK feedback: working assumption has been made and to be checked with ITU requirement
Msg1 retransmission timing
	Agreements: (RAN1 #92)
· If a received Msg2 does not contain a response to the transmitted preamble sequence, the UE shall, if requested by higher layers, be ready to transmit a new preamble sequence after the duration of N1 + new + L2.
· N1 refers to the UE processing time value determined in the HARQ/scheduling session with front loaded plus additional DMRS and UE capability #1
· new>=0, FFS
· L2=500 usec refers to the MAC layer processing time



In the control session, N1 refers to the UE processing time of PDCCH and PDSCH decoding and ACK/NACK transmission, In the case of Msg1 retransmission, it implies that UE has not detected a PDDCH with CRC scrambled by the RA-RNTI associated with its Msg1 transmission or it has not decoded a random access response containing the preamble index it has transmitted by the end of RAR window expiration. Note the Msg1 preparation time should be close to that of ACK/NACK preparation in the N1 evaluation. Therefore, we propose that new=0 in the above agreement. 
[bookmark: _Ref510802113]Proposal 6: NR supports new = 0 in the above agreement.

PDCCH order reception and Msg1 transmission timing
	Agreements: (RAN1 #92)
· For PDCCH ordered CFRA, the minimum timing gap between PDCCH order reception and Msg1 transmission is 
· N2+BWPSwitching+ Delay, 
· If BWP switching is not required, BWPSwitching=0; otherwise, BWPSwitching is up to RAN4
· N2 refers to the UE processing time value determined in the HARQ/scheduling session with front loaded plus additional DMRS and UE capability #1
· Delay includes at least MAC layer delay in initializing PRACH
· Value of Delay is FFS (to be decided in RAN1)



For the FFS item in the above agreement, our evaluation result is Delay= 150usec. 
Similar to LTE, when the preamble index is set to 0b000000 in the received PDCCH order, UE has to conduct a contention-based instead of a contention-free random access procedure. In this case, we do not see the motivation to specify the minimum timing gap between PDCCH order reception and Msg1 transmission because the network is not reserving any contention-free preambles/resources for the UE. In addition, it may require UE to conduct additional measurements before transmitting Msg1 in a contention-based RACH procedure. It is difficult to provide such evaluation results at this time point. 
[bookmark: _Ref510802177]Proposal 7: For PDCCH ordered CFRA, NR supports Delay = 150usec in the above agreement. 
[bookmark: _Ref510802186]Proposal 8: For PDCCH ordered CBRA, NR does not specify the minimum timing gap between PDCCH order reception and Msg1 transmission. 
Revisit the timing gap between Msg2 and Msg3
	Agreements: (RAN1 #90)
· Minimum time gap between Msg2 and Msg3 if Msg2 and Msg3 have the same SCS
· Duration of N1 + duration of N2 + L2 + TA
· 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
· TA is equal to the maximum timing advance value that the 12 bit TA command can provide with respect to the SCS of Msg3
· L2 refers to the MAC processing latency and it does not depend on subcarrier spacing
· L2=500us as a working assumption
· Note: If Msg2 and Msg3 have different SCS, value of N1 and N2 will refer to the ones determined in control session.



	Agreements: (RAN1 NR AH1801)
· NR supports maximum TA command value of 3846 for RAR



Based on the above agreements, we know that the maximum TA value is about 2msec with SCS = 15kHz. This invokes some concerns when ITU requirements are considered. Hence, we are revisiting this issue. 
Regarding HARQ scheduling, one of the differences between NR and LTE is that synchronous scheduling is the baseline in LTE. On the other hand, NR can schedule every UL or DL grant in an asynchronous manner. Besides, when UE receives the UL grant from RAR, it also knows the estimated TA value it should apply. Therefore, the minimum time gap between Msg2 and Msg3 can be revised as duration of N1 + duration of N2 + L2 + duration of NTA where NTA is the time duration of the TA command carried in RAR. Furthermore, similar to the TA adjustment command in MAC-CE, we think the TA adjustment timing for TA command in RAR should be aligned to the slot boundaries. Due to the support of mini-slot transmission, there may be more than one uplink transmission in the same slot, especially in connected mode. If they are applied with different TA values, it would increase UE complexity to support this. 
[bookmark: _Ref511476508]Proposal 9: For a TA command received on slot n, the corresponding adjustment of the uplink transmission timing shall apply from the beginning of slot n+k where the time duration of (k-1) slots is larger than or equal to ceil(duration of N1 + L2)_to_slot + duration of N2 + TA_new, 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_new refers to the updated TA based on the received timing adjustment command in MAC-CE. 
· 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.
· Note: If PDSCH and uplink transmission have different SCS, values of N1 and N2 will refer to the ones determined in control session
· Note: The TA command includes the 6-bit TA command in MAC-CE and the 12-bit TA command in RAR.

[bookmark: _Ref510819649]Proposal 10: The exact timing of Msg3 transmission is scheduled by the time domain RA field in the RAR grant and should not be earlier than the time when the received TA command is applied. 
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 [7]
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 4. 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 4: 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 11: NR should discuss how UE selects RACH preamble indices/resources for contention-based random access in RRC_CONNECTED mode.
[bookmark: _Ref510802269]Proposal 12: 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 13: 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.

DCI design for PDCCH order
At the previous meeting, RAN1 received an LS from RAN2 asking about what fields to be included in the PDCCH order to trigger a contention-free random access. Part of the LS is pasted below for reference. 
	RAN2’s LS on PDCCH order [8]
[…]
Furthermore, RAN2 assumes that the PDCCH order should contain the following fields:
· Random Access Preamble index – 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
· BWP index – Indicating which BWP to transmit the Random access preamble on
· SUL indicator – Indicating whether to transmit the Random access preamble on SUL or normal uplink carrier

ACTION: 	RAN2 requests RAN1 to verify and timely complete possible remaining aspects of PDCCH order for initiation of random access, taking the above assumptions into account.



One of the fields RAN2 has recommended is the uplink bandwidth part (UL BWP) index. The specification related to RACH procedure and BWP from TS38.321 is copied below for reference as well.   
	Section 15: Bandwidth part operation in TS38.321 [9]
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.



Furthermore, we recap the agreement on QCL association during RACH. 
	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 



Table 1 summarizes our views on possible fields to be contained in the PDCCH order.
[bookmark: _Ref506382745]Table 1: Discussion on possible fields in the PDCCH order
	Field
	MediaTek’s view
	Note

	Identifier for DCI formats
	Neutral
	Follow the downlink control session’s decision

	Carrier ID
	Neutral
	Follow the downlink control session’s decision

	Preamble index
	Yes
	6 bits and its definition is the preamble index on a RACH occasion.

	UL/SUL index
	Yes
	1 bit for UEs configured with SUL in the cell; 0 bit otherwise.

	RO mask
	Yes
	Its counterpart in LTE is the PRACH mask which provides the network flexibility to control which RACH resources are available for the UE to conduct contention-free random access (CFRA). FFS: detailed design

	UL BWP index
	Not needed
	1. For CFRA, the network can switch the UE to another BWP if needed before transmitting the PDCCH order.
· We prefer to decouple BWP switching from RACH procedure as much as possible. 
2. Based on [9], if there is no RACH resource on the current UL BWP, UE switch to the initial DL and UL BWPs to conduct RACH. 
· In this case, not only PDCCH decoding but also BWP switching should be considered in the evaluation of the minimum timing gap between PDCCH order reception and Msg1 transmission. See next section for our proposal.  

	SSB/CSI-RS index
	No
	We do not think the SSB/CIS-RS index should be included in the DCI for a PDCCH order for its benefit is very limited at a clearly high price.
1. Proponents claimed this should be included for the positioning purpose. However, there are other ways for positioning for example using positioning reference signal (PRS). In addition, positioning by PRACH transmission requires at least three synchronized TRPs to measure at the same time. How many Msg1 does UE have to transmit in a row for this purpose? 
2. If the indicated SSB/CSI-RS index is not among the configured transmission configuration indication (TCI) states that UE has been configured and monitored, it requires UE to do additional measurements in order to estimate the corresponding pathloss and identify the associated RX beam.
· Again, if additional measurement is required, then it should be considered in the evaluation of the minimum timing gap between PDCCH order reception and Msg1 transmission. 
3. Continued from the above, UE needs to sweep its TX beams at Msg1 transmission. This is not only system resource inefficient but also UE power consuming. 
4. In addition, what if the RSRP quality of the configured SSB/CSI-RS index is below the configured threshold, can UE still need to transmit PRACH using the RACH resource associated with it?
5. If the indicated SSB/CSI-RS index is different from the configured TCI state(s) for the UE’s PDCCH CORESETs, where should UE monitor the random access response and with what QCL assumptions?



Based on the above discussion, we have the following proposals. 
[bookmark: _Ref506476177][bookmark: _Ref506636259]Proposal 14: The UL BWP index is not included in the PDCCH order. In this way, BWP switching is decoupled from RACH as much as possible. 
[bookmark: _Ref506476186]Proposal 15: If UE requires to switch BWPs to conduct RACH after receiving a PDCCH order, both PDCCH decoding and BWP switching need to be considered when specifying the minimum timing gap between PDCCH order reception and Msg1 transmission. 
[bookmark: _Ref506476192]Proposal 16: The SSB/CSI-RS index is not included in the PDCCH order. 
[bookmark: _Ref506476208][bookmark: _Ref506636281]Proposal 17: Besides common fields, the DCI design for PDCCH order includes the following fields: random access preamble index (6 bits), UL/SUL index (0 or 1 bit), and RO mask (FFS details).

[bookmark: _Ref510794121]Configurations of RACH RRC parameters
	Agreements: (RAN1 NR AH1801)
· For the separate configuration of the number of PRACH transmission occasions FDMed in one time instance for initial access, support:
· The value range of the 2-bit RRC parameter prach-FDM is {1,2,4,8}



	Agreements: (RAN1 #92)
· In RA-RNTI equation (RA-RNTI= 1 + s_id + 14*t_id + 14*X*f_id + 14*X*Y*ul_carrier_id)), 
· Value of X and Y are 80 and 8 respectively.



To make the specification more complete, we propose the following for the RRC parameter prach-FDM. 
[bookmark: _Ref510802230]Proposal 18: NR supports the value range of the 2-bit RRC parameter prach-FDM is {1, 2, 4, 8} for other RACH use cases besides initial access. 
RACH configuration
	Agreements:
· Support cyclically mapping the actually transmitted SS/PBCH blocks and ROs within a period
· FFS the definition of the period
· FFS whether or not there a case of ROs that are not enough for a complete association with all the actually transmitted SS/PBCH blocks and if so, how to handle
Agreements:
· For the cyclic mapping of association between ROs and all the actually transmitted SS/PBCH blocks, if there are leftover ROs after an integer number of cycles within the defined period, 
· no SS/PBCH blocks are mapped to these leftover ROs
Agreements:
· NR supports the following number of SSBs per RACH occasion: {1/8, 1/4, 1/2, 1, 2, 4, 8, 16}
· Note: This agreement includes the possibility that FDMed RACH occasions are configured to support configurations where all FDMed RACH occasions get mapped to one set of SSBs
Agreements:
· For SSB-per-rach-occasion {1/8, 1/4, ½, 1, 2}: CB-preambles-per-SSB is selected from the set of values 4*N, with N=1, …, floor(16/max(1, SSB-per-rach-occasion))
· For SSB-per-rach-occasion {4, 8, 16}: CB-preambles-per-SSB is selected from the set of values N, with N=1, …, floor(64/SSB-per-rach-occasion)



The fractional numbers among the supported numbers of SSBs per RACH occasion, i.e. 1/8, 1/4, and 1/2, were agreed with the underlying assumed scenario that all FDMed RACH occasions were associated with one SSB when analog beamforming was applied which is illustrated in Figure 5. However, when we enumerate all possible combinations of SSB-per-RO and prach-FDM, we notice that when the inverse of SSB-per-RO is larger than prach-FDM, each SSB is mapped to RACH occasion at more than one time instance at a time. An example of this type of configuration is illustrated in Figure 6. This type of configurations should not be supported because the same density of RACH occasions for each SSB can be achieved repeating the mapping pattern in Figure 5 more frequently. 
[bookmark: _Ref506476528]Proposal 19: NR does not support configurations such that prach-FDM.
[image: ]
[bookmark: _Ref506473598]Figure 5: Each SSB is mapped to all FDMed RACH occasion at one time instance at a time when the inverse of SSB-per-RO is same as prach-FDM. This type of configurations can be supported. 

[image: ]
[bookmark: _Ref506473697]Figure 6: Each SSB is mapped to all FDMed RACH occasions at two consecutive time instances when the inverse of SSB-per-RO is larger than prach-FDM. This type of configurations should not be supported.

	Another problem with the agreed value ranges of the above two RRC parameter is that the number of actually transmitted SSBs can be smaller than the configured value of SS-per-RO. In that case, how the association should be handled has not been discussed. For example, the number of actually transmitted SSBs could be five but the SSB-per-RO could not be configured to five. It is possibly configured as 8 or 16. If it is configured to 8, we think UE should associated the configured RACH resources with the configured SSB-per-RO instead of with the number of actually transmitted SSBs. But we do not see a reason why it can be configured as 16 when the number of actually transmitted SSBs is only five. We hence have the following proposals. 
[bookmark: _Ref506476534]Proposal 20: When the number of actually transmitted SSBs is smaller than SSB-per-RO, UE associates the RACH resources with the configured SSB-per-RO instead of with the number of actually transmitted SSBs. 
[bookmark: _Ref506476549]Proposal 21: It is regarded as an error case if the configured SSB-per-RO is larger than the number of actually transmitted SSBs while there is another SSB-per-RO value among the agreed values that is larger than the number of actually transmitted SSBs while is smaller than the configured SSB-per-RO. And UE is not expected to handle this kind of error cases. 

Text proposals  
Minimum timing gap between Msg2 and Msg3
In RAN1 #91 meeting, we had the following agreements to specify the minimum timing gap between Msg2 reception and Msg3 transmission. Both the discussion and agreements tried to address the scenarios when uplink and downlink have the same or different numerologies. Based on the Note highlighted in blue colour in the last sub-bullet of the agreements, we think the following text proposal should be adopted to TS 38.213.
	Agreements: (RAN1 #91 meeting)
· Minimum time gap between Msg2 and Msg3 if Msg2 and Msg3 have the same SCS
· Duration of N1 + duration of N2 + L2 + TA
· 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
· TA is equal to the maximum timing advance value that the 12 bit TA command can provide with respect to the SCS of Msg3
· L2 refers to the MAC processing latency and it does not depend on subcarrier spacing
· L2=500us as a working assumption
· Note: If Msg2 and Msg3 have different SCS, value of N1 and N2 will refer to the ones determined in control session.



------------------------ Start of Text Change in Section 8.3 of TS38.213 -------------------------------






A minimum time between the last symbol of a PDSCH reception conveying a RAR and the first symbol of a corresponding Msg3 PUSCH transmission scheduled by the RAR in the PDSCH for a UE when the PDSCH and the PUSCH have a same subcarrier spacing is equal to  msec.  is a time duration of  symbols corresponding to a PDSCH reception time for PDSCH processing capability 1 when additional PDSCH DM-RS is configured,  is a time duration of  symbols corresponding to a PUSCH preparation time for PUSCH processing capability 1 [6, TS 38.214], and  is the maximum timing adjustment value that can be provided by the TA command field in the RAR. 
------------------------ End of Text Change in Section 8.3 of TS38.213 --------------------------------
Furthermore, if 
[bookmark: _Ref510794164]TA granularity
Based on our Error! Reference source not found., we have the following text proposal regarding TA granularity of TA command in RAR. 
------------------------ Start of Text Change in Section 4.2 of TS38.213 ----------------------------






In case of random access response, a timing advance command [11, TS 38.321], , for a TAG indicates  values by index values of  = 0, 1, 2, ..., 3846 where an amount of the time alignment for the TAG for subcarrier spacing of  kHz is given by .  is defined in [4, TS 38.211] and is relative to the subcarrier spacing of the first uplink transmission on the cell where PRACH was transmitted from the UE after the reception of the random access response. If a UE has multiple active UL BWPs in a same TAG, including UL BWPs in two UL carriers of a serving cell, the applicable value for an UL BWP with lower subcarrier spacing may be rounded to align with the timing advance granularity for the UL BWP with the lower subcarrier spacing.
------------------------ End of Text Change in Section 4.2 of TS38.213 --------------------------------

Conclusions  
In this contribution, we address some of the remaining issues in RACH procedure. We make the following observations. 
Observation 1: Simultaneous uplink transmission is challenging to UE implementation and is avoided in NR, at least in Rel-15.
Observation 2: Because of TA, it is still complicated for UE if PRACH can be transmitted with another uplink channel or signal within the same slot regardless of whether they have overlapping symbols or not.
Observation 3: The time when the new TA value is known to the UE and the time when the new TA value can be used by the UE are different. The later timing is highly UE implementation dependent.
Observation 4: When the adjustment timing corresponding to a received TA command is not aligned with slot boundaries, UE may have to apply different TA values to uplink transmissions in the same slot.

And we have the following proposals.
Proposal 1: UE does not simultaneously transmit PRACH and PUXCH/SRS in the same slot for the single cell and CA cases.
· If a UE is configured with PRACH and PUXCH in the same slot, PUXCH is not transmitted.
· PUXCH stands for PUCCH or PUSCH or both. 
· If a UE is configured with PRACH and SRS resources in the same slot, SRS is not transmitted.

Proposal 2: Send an LS to RAN2 and respectfully ask them to take the above agreements into consideration.
Proposal 3: 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.
Proposal 4: The preparation timing of an uplink transmission, i.e. duration of N2 symbols, should be taken into consideration when discussing the adjustment timing of a received TA command.
Proposal 5: For a TA command received on slot n, the corresponding adjustment of the uplink transmission timing shall apply from the beginning of slot n+k where the time duration of (k-1) slots is larger than or equal to ceil(duration of N1 + L2)_to_slot + duration of N2 + TA_new, 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_new refers to the updated TA based on the received timing adjustment command in MAC-CE. 
· 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.
· Note: If PDSCH and uplink transmission have different SCS, values of N1 and N2 will refer to the ones determined in control session
· Note: The TA command includes the 6-bit TA command in MAC-CE and the 12-bit TA command in RAR.

Proposal 6: NR supports new = 0 in the above agreement.
Proposal 7: For PDCCH ordered CFRA, NR supports Delay = 150usec in the above agreement.
Proposal 8: For PDCCH ordered CBRA, NR does not specify the minimum timing gap between PDCCH order reception and Msg1 transmission.
Proposal 9: For a TA command received on slot n, the corresponding adjustment of the uplink transmission timing shall apply from the beginning of slot n+k where the time duration of (k-1) slots is larger than or equal to ceil(duration of N1 + L2)_to_slot + duration of N2 + TA_new, 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_new refers to the updated TA based on the received timing adjustment command in MAC-CE. 
· 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.
· Note: If PDSCH and uplink transmission have different SCS, values of N1 and N2 will refer to the ones determined in control session
· Note: The TA command includes the 6-bit TA command in MAC-CE and the 12-bit TA command in RAR.
Proposal 10: The exact timing of Msg3 transmission is scheduled by the time domain RA field in the RAR grant and should not be earlier than the time when the received TA command is applied.
Proposal 11: NR should discuss how UE selects RACH preamble indices/resources for contention-based random access in RRC_CONNECTED mode.
Proposal 12: 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 13: 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.
Proposal 14: The UL BWP index is not included in the PDCCH order. In this way, BWP switching is decoupled from RACH as much as possible.
Proposal 15: If UE requires to switch BWPs to conduct RACH after receiving a PDCCH order, both PDCCH decoding and BWP switching need to be considered when specifying the minimum timing gap between PDCCH order reception and Msg1 transmission.
Proposal 16: The SSB/CSI-RS index is not included in the PDCCH order.
Proposal 17: Besides common fields, the DCI design for PDCCH order includes the following fields: random access preamble index (6 bits), UL/SUL index (0 or 1 bit), and RO mask (FFS details).
Proposal 18: NR supports the value range of the 2-bit RRC parameter prach-FDM is {1, 2, 4, 8} for other RACH use cases besides initial access.
Proposal 19: NR does not support configurations such that prach-FDM.
Proposal 20: When the number of actually transmitted SSBs is smaller than SSB-per-RO, UE associates the RACH resources with the configured SSB-per-RO instead of with the number of actually transmitted SSBs.
Proposal 21: It is regarded as an error case if the configured SSB-per-RO is larger than the number of actually transmitted SSBs while there is another SSB-per-RO value among the agreed values that is larger than the number of actually transmitted SSBs while is smaller than the configured SSB-per-RO. And UE is not expected to handle this kind of error cases.
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