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[bookmark: _Ref506392221]Introduction
In this paper, we discuss some of the remaining issues in the RACH procedure. We first discuss the DCI design for PDCCH order. Then, we share our views on the remaining issues related to the timing of each message in a RACH procedure. In the following section, we discuss how to define the periodicity of association between actually transmitted SS blocks and RACH resources. Besides that, we also point out some configurations are not reasonable and should be precluded to reduce implementation and verification efforts. From the perspective of UE complexity and cost, we then discuss the maximum TBS size of RAR and simultaneous downlink reception types that should be supported in NR. Finally, we discuss some details about multiple Msg1 transmission for contention-free RACH. 

[bookmark: _Ref506454885]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 [1]
[…]
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 [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.



Furthermore, we recap the agreement on QCL association during RACH. This agreement states that the DM-RS antenna port(s) of 
	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 [2], 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 1: 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 2: 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 3: The SSB/CSI-RS index is not included in the PDCCH order. 
[bookmark: _Ref506476208][bookmark: _Ref506636281]Proposal 4: 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).

RACH procedure timing
There are three remaining issues related to timing in the RACH procedure that need to be decided: 
1. Timing gap between the end of RAR window and Msg1 retransmission
2. Timing gap between PDCCH order reception and Msg1 transmission
3. Timing gap between Msg4 and its HARQ-ACK feedback

	Agreements: (RAN1 #91)
· For the case when RRC connection has not yet been established, the UE processing time should be assumed to be the maximum values among all conditions for all capabilities under the same SCS.
· In the case of multiplexing HARQ-ACK with uplink data on PUSCH In the case of mixed numerology between the UL and DL, the UE processing times for N1’, N2’ apply according to the lowest subcarrier spacing between the UL and DL numerologies



	Agreements: (RAN1#91)
· The value range of the transition time(s) of active BWP switching are up to RAN4 and it’s also up to RAN4 to decide whether the transition time(s) of active BWP switching is reported to the network as dedicated UE capability or not.
· LS to RAN4 to be prepared in R1-1721667 (JJ, Intel), which is approved and final LS in R1-1721712



Timing gap between the end of RAR window and Msg1 retransmission
By the end of RAR window, if UE does not detect a PDDCH with CRC scrambled by the RA-RNTI associated with its Msg1 transmission or it does not decode a random access response containing the preamble index it has transmitted, then it has to retransmit Msg1 with a timing constraint. Because layer2 processing is required in order to tell whether the transmitted preamble index is contained in the MAC PDU, the layer2 processing time needs to be taken into account in the minimum timing gap between the end of RAR window and Msg1 retransmission. 
[bookmark: _Ref506476375]Proposal 5: The minimum timing gap between the end of RAR window and Msg1 retransmission is equal to duration of N1 + duration of N2 + L2 where
· N1 refers to the UE processing time value determined in the HARQ/scheduling session with front loaded plus additional DMRS and UE capability #1
· N2 refers to the UE processing time value determined in the HARQ/scheduling session with front loaded plus additional DMRS and UE capability #1
· L2=500 usec refers to the MAC layer processing time
Timing gap between PDCCH order reception and Msg1 transmission
When UE receives a PDCCH order for a network triggered random access procedure, it has to transmit Msg1 with a timing constraint. The minimum timing gap between PDCCH order reception and Msg1 transmission is hence approximately N2 if there is no BWP switching or measurement involved. However, as we have mentioned in Section 2, when UE’s current active UL BWP does not contain PRACH resources, then UE has to switch back to its initial active UL BWP and DL BWP for RACH [2]. Hence, BWP transition time needs to be considered in the specification of the minimum timing gap between PDCCH order reception and Msg1 transmission. Based on our understanding, the overall transition time of DCI-based active DL (UL) BWP includes the following components.
· Processing time of the DCI indicating active DL (UL) BWP switch
· Preparation time for RF tuning
· Radio interruption time for RF tuning
 
At least for sub-6GHz frequency bands, our internal evaluation indicates that BWP switching requires about 2 msec in order to complete the above steps. And the 2msec requirement is independent of the configured sub-carrier spacing. For above-6GHz frequency bands, the timing requirement is FFS. See our companion contribution for more discussion on bandwidth part operation [3].
[image: ]
Figure 1: Transition time of active DL (UL) BWP switch for 15KHz and 30KHz SCS

[bookmark: _Ref506636398]Proposal 6: If SSB/CSI-RS index is not included in the PDCCH order and no measurement is required for the PDCCH order triggered PRACH transmission, the minimum timing gap between PDCCH order reception and Msg1 transmission is 
· N2, if BWP switching is not required
· N2 refers to the UE processing time value determined in the HARQ/scheduling session with front loaded plus additional DMRS and UE capability #1
· The value range of the transition time(s) of active BWP switching concluded in RAN4, if BWP switching is required before Msg1 transmission
· Based on our evaluation, the minimum timing gap should be 2msec at least for sub-6GHz frequency bands.  
Timing gap between Msg4 and HARQ-ACK feedback
Regarding the transmission of HARQ-ACK to Msg4, there are two problems: one is its timing which is discussed here and the other is its resource which should be discussed in the uplink control session. As to the timing issue, we further need to discuss what the minimum timing gap and it mechanism. 
Because UE can only feedback HARQ-ACK after the contention resolution is complete in the higher layer, the overall timing requirement includes at least PDCCH decoding, PDSCH decoding, and the contention resolution in layer2. Therefore, we propose the minimum timing gap between Msg4 reception and its HARQ-ACK feedback should be at least the sum of duration of N1 and L2 with L2=500usec. 
Since Msg4 can be regarded as a UE-specific downlink signal, the HARQ procedure applied to other UE-specific PDSCH transmissions should be re-used as much as possible. In the HARQ/scheduling session, it has been agreed that there are 3 bits in a non-fallback DCI to indicate the timing in terms of slot numbers of the ACK relative to the PDSCH reception (a.k.a. K1). For fallback DCIs, the 3 bits are agreed as a working assumption [4]. We hence propose that the timing gap between Msg4 reception and its ACK is indicated by the [3]-bit PDSCH-to-HARQ feedback timing indicator field in DCI format 1_0. And the values to be indexed can be either pre-defined in the specification or signalled by higher layer. If they are signalled by higher layer, they can be carried in broadcast system information such as RMSI or can be carried by Msg2 or Msg4. The final decision can be left to the control channel session.
[bookmark: _Ref503444876]Proposal 7: The timing gap between Msg4 reception and its ACK is indicated by the [3]-bit PDSCH-to-HARQ_feedback timing indicator field in DCI format 1_0.
[bookmark: _Ref503444887][bookmark: _Ref506636577]Proposal 8: The set of values to be indexed and whether they are pre-defined in spec or signaled by higher layer are left to the control channel session to decide. But the values should be not less than duration of N1 + L2 where 
· N1 refers to the UE processing time value determined in the HARQ/scheduling session with front loaded plus additional DMRS and UE capability #1
· L2=500 usec refers to the MAC layer processing time

Association between SSBs and RACH resources 
	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:
· 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:
· 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:
· [bookmark: _Hlk504644555]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)



For the definition of the periodicity of cyclic mapping between the actually transmitted SS blocks and RACH resources, there were several alternatives proposed from the last meeting: 
· Alt.1: Time period equal the PRACH configuration period
· Alt.2: Integer multiple of PRACH configuration period to allow all actually transmitted SSBs to be mapped to RO
· Alt.3: Maximum value of SS burst set period and PRACH configuration period. This allows multiple PRACH configuration periods between two SS burst sets.
· Alt.4: Time period for SSB to RO synchronization is the 160 msec
· Starting point is SFN mod 16 = 0

From the implementation complexity perspective, the mapping periodicity should be same as the PRACH configuration periodicity which is Alt.1 in the above. With Alt.1, some companies were concerned that the number of RACH occasions was not enough to map all actually transmitted SS blocks especially when network the PRACH periodicity. However, when the number of SS blocks is large, the time duration of RACH occasions is often short so that the overall beam sweeping time is not too long. Since the duration of RACH occasions is short, there could be many RACH occasions within a short period of time. In addition, with proper configurations of SSB_per_RO and prach-FDM, it is feasible to map all actually transmitted SS blocks within a PRACH configuration period. Hence, Alt.1 should be supported for both sub-6GHz and above-6GHz frequency ranges. 
Additionally, since NR has agreed that PRACH can be conducted on active UL BWPs besides the initial active UL BWP, we should strive to make RACH designs complete for RACH usages in connected mode in addition to initial access. Therefore, we propose the value range of the RRC parameter prach-FDM should be {1, 2, 4, 8} for RACH use cases in general, not just limited to the initial access phase.  
[bookmark: _Ref506476521]Proposal 9: The periodicity of association between actually transmitted SS blocks and RACH resources is same as the PRACH configuration periodicity.
[bookmark: _Ref506636678]Proposal 10: 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. 
RAR related issues
Maximum TBS size of RAR  
The maximum TBS size of RAR has not been discussed in NR while it is critical for UE implementation. To our understanding, the maximum TBS size of broadcast/multicast signals such as PDSCHs indicated by PDCCHs with CRCs scrambled by SI-RNTI, RA-RNTI, or P-RNTI is fundamentally limited by the physical layer limitation. Meanwhile, it has to take the requirement of higher layer packet sizes into account. In LTE, the maximum TBS size for the mentioned broadcast/multicast signals is 2216 bits. With this maximum TBS size in mind, we conduct the following analysis to provide some insights about the maximum TBS size of RAR we can specify for NR. 
	In LTE, the sub-header containing RAPID is one byte (E/T/RAPID sub-header) and the corresponding MAC RAR is 7 bytes for a detected RAPID. In order to reach the maximum 2216-bit TBS size, the number of detected preambles on the same RACH occasion is about 34.6. The design target of PRACH collision rate should be kept as low as possible, e.g. about 1% in LTE, so that asynchronous Msg3 from collided UEs can be prevented. Given such a low collision rate for RACH, the typical number of detected preambles is much less than 10. Indeed, a typical PRACH load in LTE is about 128 attempts per second in 10MHz. With the 1% operating collision rate and the typical PRACH load, the average PRACH attempts is only 0.6432 on one RACH occasion per 10ms per 5MHz [5]. Though RAR MAC PDU has not yet been finalized, we do not expect a huge increase from LTE. Even with a 25% increase, the number of bytes for a detected preamble become 10. If the maximum TBS size is 2216 bits, then the maximum number of detected preambles on the same RACH occasion can be up to 27.7 which is still much larger than an average number of PRACH attempts on a RACH resource. We hence propose that the maximum TBS size of RAR should be specified as 2216 bits as in LTE.   
[bookmark: _Ref506476654]Proposal 11: The maximum TBS size of RAR is not larger than 2216 bits in NR. 
Simultaneous downlink reception types
[bookmark: _GoBack]In LTE TS36.213, it is specified that UE is not required to decode PDSCH associated C-RNTI if RA-RNTI and C-RNTI are assigned in the same the subframe. However, in NR TS38.202, UE can receive up to four PDSCHs simultaneously. The scenario that UE can receive PDSCHs associated with RA-RNTI and C-RNTI in the same subframe or slot is that a connected UE has UL data arrival but without dedicated SR resources so it transmits PRACH to acquire UL grant. During the RAR window, it may receive a PDSCH with RA-RNTI and a PDSCH with C-RNTI if it also has DL data arrival. This is regarded a corner case in LTE and hence UE is not required to decode both of the PDSCHs in LTE. Indeed, it is not reasonable to ask UE to increase hardware complexity for such corner cases. We think a similar principle should be adopted to NR as well. See more discussion in our companion contribution [6].
[bookmark: _Ref506476671]Proposal 12: UE is not required to decode PDSCH(s) with C-RNTI or C-RNTI(s) for SPS/grant-free if RA-RNTI and C-RNTI or C-RNTI(s) for SPS/grant-free are assigned to the UE simultaneously. 
TA granularity of TA command in MAC-CE
	Agreement: (RAN1 #91)
· UL and SUL of the same cell are in the same TAG.
· If UL and SUL have different numerologies, the UE can assume that the granularity of the TA in the MAC CE (i.e. not in the Msg2) is the granularity corresponding to the smaller subcarrier spacing
· The granularity of the TA in Msg2 is determined according to the numerology of transmitted PRACH



	Agreements: (RAN1 #90bis)
· (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: Ts = 1/(64*30.72*106) seconds.
After email approval:
Agreements: (Email approval after RAN1 #90bis)
1. Maximum size of TA command for MAC-CE is 6 (as a working assumption) bits.
2. 	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 a 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: Ts = 1/(64*30.72*106) seconds.



The TA adjustment is to provide sufficient TA accuracy for PUSCH/PUCCH uplink transmissions so that higher spectral efficiency or more reliable transmission can be achieved. And this is why the TA granularity of TA command in RAR is decided by the numerology of PUSCH following RAR instead of the numerology of PRACH. Both LTE and the agreement made in RACH session in NR are based on this technical reason. 
Therefore, when there are more than one UL carrier are activated in the same TAG, we think the TA granularity should be decided by the largest sub-carrier spacing among all numerologies of the activated BWPs/carriers which is Alt.2 in the above. However, this granularity may be too fine for carriers with smaller sub-carrier spacings. It is indeed unreasonable to require all carriers with different numerologies to have the same TA granularity. It is a problem that we should address about how to meet uplink transmission performance for carriers/BWPs with large sub-carrier spacing without increasing UE complexity for carriers with small sub-carrier spacing. Hopefully, both the uplink performance and UE complexity can be well taken care of.
[bookmark: _Ref506636702][bookmark: _Ref506556840]Proposal 13: The TA granularity of the TA adjustment command in MAC-CE is decided by the largest sub-carrier spacing among all numerologies of the activated BWPs/carriers in the same TAG. However, this shall not require UE to increase operational complexity for carriers/BWPs with smaller sub-carrier spacings.  
RA-RNTI calculation
From TS38.321, 
	The RA-RNTI associated with the PRACH in which the Random Access Preamble is transmitted, is computed as:
RA-RNTI= 1 + s_id + 14*t_id + 14*X*f_id + 14*X*Y*ul_carrier_id
where s_id is the index of the first OFDM symbol of the specified PRACH (0 ≤ s_id < 14), t_id is the index of the first slot of the specified PRACH in a system frame (0 ≤ t_id < X), f_id is the index of the specified PRACH in the frequency domain (0 ≤ f_id < Y), and ul_carrier_id is the UL carrier used for Msg1 transmission (0 for normal carrier, and 1 for SUL carrier). The values X and Y are specified in TS 38.213.



Since NR has agreed PRACH transmission can be conducted on UE’s active UL BWP besides its initial active UL BWP, how to define f_id in the above equation should be discussed. In our opinion, all allocated RACH resources among different UL BWPs of a cell should be indexed together. In this way, when two UEs are configured with different UL BWPs and with the same DL BWP, the responding RARs can be correctly detected without ambiguity. 
[bookmark: _Ref506578182]Proposal 14: In the agreed RA-RNTI calculation, f_id should be defined based on all FDMed RACH occasions of the cell whether they belong to the same UL BWP or not. FFS its details and revisit RA-RNTI calculation if necessary. 
Multiple Msg1 transmission in contention-free RACH
	Agreements: (RAN1 NR AH 1706)
· For contention free case, a UE can be configured to transmit multiple Msg.1 over dedicated multiple RACH transmission occasions in time domain before the end of a monitored RAR window if the configuration of dedicated multiple RACH transmission occasions in time domain is supported.
· Note: The time resource used for ‘dedicated RACH in time domain’ is different from the time resources of contention based random access
· Note: Multiple Msg1 can be transmitted with same or different UE TX beams 



	Agreements: (RAN2 #98)
For multiple msg1 transmissions for contention free RACH 
-	A single RAR window is applied for multiple msg1 transmission.  
-	The RAR window is started after transmission of the first preamble after a “offset”.  
-	The UE monitors multiple RA-RNTIs.  The RA-RNTI is associated to the RACH transmission occasion in which the preamble was transmitted.  
-	Once a RAR is received, the RAR reception is considered successful, as in LTE.  The UE stops multiple preamble transmission.
-	Details of RA-RNTI calculations are FFS



	Agreements: (RAN1 #88)
· Following is baseline UE behavior 
· UE assumes single RAR reception at a UE within a given RAR window
· NR random access design should not preclude UE reception of multiple RAR within a given RAR window, if need arises



Multiple Msg1 transmission was proposed to reduce latency especially for UE without beam correspondence in the handover case. With this feature, UE without beam correspondence can transmit multiple Msg1 with different TX beams before the end of RAR window to accelerate the handover process [7]. Though it has been agreed multiple Msg1 can be configured for contention-free random access, its detailed design has not fully discussed. 
First of all, we should discuss how these multiple Msg1 transmissions are multiplexed. They could be multiplexed on the code (CDM), frequency (FDM) or time (TDM) domain. However, if CDM’ed multiple Msg1 transmission is supported, it would conflict to RAN2’s agreement that multiple Msg1 transmissions are differentiated by RA-RNTI values. Furthermore, for a UE without beam correspondence, it is very unlikely that it would form two different TX beams at the same time instance. Therefore, it is more suitable that multiple Msg1 transmissions are conducted in a TDM’ed manner. 
A follow-up question is that how many Msg1 transmissions can be supported within a slot. This not only depends on network’s configuration but also UE’s capability. The more Msg1 transmissions UE can support within a slot, the more sets of configuration values UE has to prepare. Therefore, the number of Msg1 transmission within a slot on a carrier component should be limited to one. If UE can support more than one Msg1 transmission within a slot, it can be reported as part of the UE capability.  
Another two companion questions are how to update the power ramping counter and the preamble transmission counter when multiple Msg1 transmission is configured. In our opinion, if N Msg1 transmissions are configured and allowed before the end of RAR window, UE should not increase its power ramping counter during these N Msg1 transmissions nor should it increase its preamble transmission counter. Furthermore, the RACH resources the UE has selected for these N Msg1 transmissions should be associated with the same SS block or CSI-RS.  
Finally, because it is a contention-free RACH, network knows which Msg1 transmissions are from the same UE. Even when more than one preamble from the same UE is detected by the network, the network should only responds to the one with the highest receive quality and avoid multiple RAR responses to the same UE. In other words, even multiple Msg1 transmission is configured, multiple RAR receptions and multiple Msg3 transmissions are not expected and should not be allowed. 
[bookmark: _Ref503444896]Observation 1: It would conflict to RAN2’s agreement if CDM’ed multiple Msg1 transmissions are supported. 
[bookmark: _Ref503444905]Proposal 15: NR supports multiple Msg1 transmissions before the end of RAR windows for contention-free RACH. Furthermore, they can only be transmitted in a TDM’ed manner.  
[bookmark: _Ref503444932]Proposal 16: The maximum number of Msg1 transmissions within a slot on a carrier component should be limited to one. Otherwise, it should depend on UE capability.
[bookmark: _Ref503444941]Proposal 17: The power ramping counter, the preamble transmission counter, and the selected RACH resource remain unchanged during one round of multiple Msg1 transmissions. 
[bookmark: _Ref503444947]Proposal 18: From the UE’s perspective, UE assumes single RAR reception within a RAR window even when multiple Msg1 transmission is configured. 
[bookmark: _Ref503444954]Proposal 19: Multiple Msg3 transmissions are not supported even when multiple Msg1 transmissions are configured.

Conclusion  
In this contribution, we discuss some of remaining issues in RACH procedure. We have made the following proposals. 
Proposal 1: 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 2: 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 3: The SSB/CSI-RS index is not included in the PDCCH order.
Proposal 4: 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 5: The minimum timing gap between the end of RAR window and Msg1 retransmission is equal to duration of N1 + duration of N2 + L2 where
· N1 refers to the UE processing time value determined in the HARQ/scheduling session with front loaded plus additional DMRS and UE capability #1
· N2 refers to the UE processing time value determined in the HARQ/scheduling session with front loaded plus additional DMRS and UE capability #1
· L2=500 usec refers to the MAC layer processing time

Proposal 6: If SSB/CSI-RS index is not included in the PDCCH order and no measurement is required for the PDCCH order triggered PRACH transmission, the minimum timing gap between PDCCH order reception and Msg1 transmission is
· N2, if BWP switching is not required
· N2 refers to the UE processing time value determined in the HARQ/scheduling session with front loaded plus additional DMRS and UE capability #1
· The value range of the transition time(s) of active BWP switching concluded in RAN4, if BWP switching is required before Msg1 transmission
· Based on our evaluation, the minimum timing gap should be 2msec at least for sub-6GHz frequency bands.
Proposal 7: The timing gap between Msg4 reception and its ACK is indicated by the [3]-bit PDSCH-to-HARQ_feedback timing indicator field in DCI format 1_0.
Proposal 8: The set of values to be indexed and whether they are pre-defined in spec or signaled by higher layer are left to the control channel session to decide. But the values should be not less than duration of N1 + L2 where
· N1 refers to the UE processing time value determined in the HARQ/scheduling session with front loaded plus additional DMRS and UE capability #1
· L2=500 usec refers to the MAC layer processing time

Proposal 9: The periodicity of association between actually transmitted SS blocks and RACH resources is same as the PRACH configuration periodicity.
Proposal 10: 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 11: The maximum TBS size of RAR is not larger than 2216 bits in NR.
Proposal 12: UE is not required to decode PDSCH(s) with C-RNTI or C-RNTI(s) for SPS/grant-free if RA-RNTI and C-RNTI or C-RNTI(s) for SPS/grant-free are assigned to the UE simultaneously.
Proposal 13: The TA granularity of the TA adjustment command in MAC-CE is decided by the largest sub-carrier spacing among all numerologies of the activated BWPs/carriers in the same TAG. However, this shall not require UE to increase operational complexity for carriers/BWPs with smaller sub-carrier spacings.
Proposal 14: In the agreed RA-RNTI calculation, f_id should be defined based on all FDMed RACH occasions of the cell whether they belong to the same UL BWP or not. FFS its details and revisit RA-RNTI calculation if necessary.
Proposal 15: NR supports multiple Msg1 transmissions before the end of RAR windows for contention-free RACH. Furthermore, they can only be transmitted in a TDM’ed manner.
Proposal 16: The maximum number of Msg1 transmissions within a slot on a carrier component should be limited to one. Otherwise, it should depend on UE capability.
Proposal 17: The power ramping counter, the preamble transmission counter, and the selected RACH resource remain unchanged during one round of multiple Msg1 transmissions.
Proposal 18: From the UE’s perspective, UE assumes single RAR reception within a RAR window even when multiple Msg1 transmission is configured.
Proposal 19: Multiple Msg3 transmissions are not supported even when multiple Msg1 transmissions are configured.
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