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Introduction
This contribution discusses the following corrections and remaining issues on PRACH procedure:
· Compact DCI format design for RAR PDSCH, MSG.3 retransmission PUSCH, MSG.4 PDSCH scheduling
· UL grant in RAR contents
· Simplified RAR detection for contention free random access 
· ACK resource for msg.4 feedback
· PDCCH order triggered PRACH
· Non-SUL to SUL switching in one RACH proceudre
Discussions
Msg.2 related issues
  DCI design for msg.2 PDSCH
In this section, the necessary DCI content for scheduling PDSCH (which contains the RARs) are discussed as in following table:
Table 1 – DCI content for RAR scheduling
	Field
	Bits
	Needed?
	Comments

	Header
	1?
	No
	This is not needed for RAR DCI as UE will use RA-RNTI to monitor, there should be no ambiguity for UE.

	BWP indicator
	0, 1, 2
	Maybe not
	For the DL assignment, the PDSCH can just stick to the same DL BWP as the same of the received DCI.

	Frequency-domain PDSCH resources

	
	yes
	Same as Fallback DCI only supports resource allocation type 1
FFS the bitwidth is further dependent on BWP size

	Time-domain PDSCH resources
	2?
	yes
	RAR CORESET and RMSI CORESET could be the same, and the time domain for RMSI PDSCH could be a default one configuration (e.g., one set of slot shifting, starting symbol and number of consecutive symbols), so for RAR PDSCH, it could introduce the offset to that configuration of RMSI PDSCH time domain, to provide flexibility of scheduling RAR.

	VRB-to-PRB mapping
	1
	May or may not
	Flag to control VRB-to-PRB mapping (block interleaved or non-block interleaved). Only present/relevant for resource allocation type 1. But could be hard coded. 

	Bundling size indicator
	0, 1
	No
	Using a default value is enough.

	Modulation and coding scheme 
	4?
	yes
	MCS, Maybe less bits for RAR, could be similar as truncated MCS indication in LTE,


Proposal 1: The DCI contents of the compact DCI format for RAR are determined as in the table 1.
  UL grant in RAR 
Following the design random access response grant in LTE, the listed information is considered for the UL grant in RAR for NR. 
- Hopping flag – 1 bit
- “Fixed size resource block assignment”  “Frequency-domain PDSCH resources” – [X] bits
	Similar to the above, this also depends on the BWP size and is same as fallback DCI only supports resource allocation type 1
- Truncated modulation and coding scheme – 4 bits
- TPC command for scheduled PUSCH – 3 bits
- “UL delay”  “Time-domain PDSCH resources” – [Y] bit
	This field could be explained as slot level delay and symbol level delay, which is to indicate the delayed slot number and indicate the start_symbol position and consecutive symbol numbers. Having a default configuration like that for RMSI PDSCH might be not enough because in one RA-RNTI scrambled msg.2, gNB might configure the RAR for multiple UEs.
- BWP indicator – [0,1,2] bit 
- CSI request – [0~6] bit
	This could be reserved for the initial access UEs. Similar to LTE, but the bit-size needs to find a default value.
Redundancy version could be fixed to be 0 for the first msg.3 transmission.
Proposal 2: the content of UL grant in RAR is to include: Hopping flag, Frequency-domain PDSCH resources, Time-domain PDSCH resources Truncated MCS, TPC command, CSI request, BWP indicator. 

  RAR detection for contention free random access
Since there is no collision issue for non-contention based random access, the procedure of non-contention based random access is simplified compared with that of contention based 4-step RACH procedure. Especially, the RA procedure is simplified to 2-step, including msg. 1 transmission and RAR detection. Meanwhile, the PRACH resource and preamble for msg. 1 transmission is allocated by gNB. 
As for RAR detection, UE monitors PDCCH within the random access response window identified by RA-RNTI calculated from PRACH used for msg. 1 transmission. After successfully detection of PDCCH, the corresponding RAR will be located then be decoded by higher layers. The information including TA command, UL grant and etc. will be transferred back to physical layer. Actually, due to the non-contention feature and if the target UE is in RRC-connected mode, the RAR detection can be further simplified especially to satisfy requirements of some low latency services, for example, hand-over with low delay requirement, and etc.
In current 38.321, the response for the beam failure recovery triggered RACH procedure will dependent on the PDCCH addressed to the C-RNTI. Thus, similar rule could be applied for the RAR detection for non-contention based random access. One advantage is that the UE behavior for RAR detection is simplified. After the transmission of msg. 1, UE will monitor the PDCCH using RA-RNTI or C-RNTI within random access response window. If the PDCCH is decoded successfully and the preamble identifier in PDCCH is matched with transmitted preamble, UE will regard the non-contention based random access procedure as successful and read the TA command, possibly initial UL grant in PDCCH to facilitate the following data transmission procedure. The procedure is simplified since there is no need for UE to read PDSCH and the contents of PDSCH will no longer need to go through higher layer. The delay of non-contention based random access could be also reduced.
 As a result, it is feasible and beneficial to finish the CFRA procedure with detecting PDCCH addressed to C-RNTI. For example, for the PDCCH order triggered PRACH, it can include the indication in the PRACH configuration that whether UE should use C-RNTI or RA-RNTI to detect the possible RAR after transmitting preamble. Based on above analysis, the following proposal is draw:
Proposal 3: the complete of CFRA procedure could be based on detecting PDCCH addressed to C-RNTI.
 
Msg.3/msg.4 related issue
0.     DCI for msg.3 re-transmission 
In this section, the necessary DCI content for scheduling Msg.3 re-transmission are discussed as in following table:
Table 2 – DCI content for Msg.3 re-transmission scheduling
	Field
	Bits
	Needed?
	comments

	Header
	1?
	maybe
	For the case that if msg.3 re-transmission DCI has same size of msg.4 DCI. This header could be used for UE to identify this is for msg.3 re-transmission 

	BWP indicator
	0, 1, 2
	no
	For DCI scheduled msg.3 re-transmission, as the UE already conduct the first msg.3 transmission. Don’t see a strong motivation to change the BWP at this stage.

	Frequency-domain PUSCH resources
	
	yes
	Same as Fallback DCI only supports resource allocation type 1
the bitwidth is further dependent on BWP size

	Time-domain PUSCH resources
	[2?]
	yes
	Index into an default table providing the set of OFDM symbols used for PUSCH transmission, the start slot offset, starting OFDM symbol offset or the consecutive number of OFDM symbols offset, these offsets are with respect to the configuration of UL grant in RAR. 

	VRB-to-PRB mapping
	1
	May or may not
	Flag to control VRB-to-PRB mapping (block interleaved or non-block interleaved). Only present/relevant for resource allocation type 1. But could be hard coded. 

	FH flag

	1
	yes
	To control uplink frequency hopping. Some resource allocation filed bits are interpreted differently in case of hopping.

	Modulation and coding scheme 
	[4?]
	yes
	MCS, Maybe less bits for RAR, could be similar as truncated MCS indication in LTE,

	New data indicator
	1
	no
	PDCCH addressed to Temporary C-RNTI is only for msg.3 re-transmission, should NOT be new data. 

	Redundancy version
	2
	yes
	HARQ retransmission for msg.3 is considered, so that the RV needs to be indicated by gNB.

	TPC command for PUSCH 
	2
	Yes
	

	SRS request
	4
	Yes
	To trigger an SRS transmission in the uplink.

	CSI request
	[0–6] 
	Yes
	CSI measurement request and CSI report trigger for CSI on PUSCH. The problem is that to have a fixed size for this field as for initial access UE doesn’t know the RRC configured size.



Proposal 4: The DCI contents of the compact DCI format for msg.3 re-transmission listed in the table 2 can be a starting point.

0.     DCI design for msg.4;
In this section, the necessary DCI content for scheduling random access contention resolution message, i.e., msg.4 are discussed as in following table. Considering that the msg.4 could be addressed two type of RNTI, one is C-RNTI, the other is temporary C-RNTI. If the msg.4 is addressed to C-RNTI, it can be considered as a connected UE, both gNB and UE are figured it out. So it’s DCI could be following the normal DCI scheduling. So in the following table will discuss the DCI content for the msg.4 PDCCH addressed to temporary C-RNTI.
Table 3 – DCI content for Msg.4 scheduling addressed to temporary C-RNTI
	Field
	Bits
	Needed?
	Description

	Header
	1?
	maybe
	For the case that if msg.3 re-transmission DCI has same size of msg.4 DCI. This header could be used for UE to identify this is for msg.3 re-transmission 

	BWP indicator
	0, 1, 2
	no
	For the DL assignment, the PDSCH can just stick to the same DL BWP as the same of the DCI.

	Frequency-domain PDSCH resources
	
	yes
	Same as Fallback DCI only supports resource allocation type 1
FFS the bitwidth is further dependent on BWP size

	Time-domain PDSCH resources
	2?
	yes
	Msg.4 CORESET and RMSI CORESET could be the same, and the time domain for RMSI PDSCH could be a default one configuration (e.g., one set of slot shifting, starting symbol and number of consecutive symbols), so for msg.4 PDSCH, it could introduce the offset to that configuration of RMSI/RAR PDSCH time domain, to provide flexibility of scheduling msg.4.

	VRB-to-PRB mapping
	1
	Maybe
	Flag to control VRB-to-PRB mapping (block interleaved or non-block interleaved). Only present/relevant for resource allocation type 1. But could be hard coded. 

	Bundling size indicator
	0, 1
	No
	Using a default value is enough.

	Modulation and coding scheme 
	4?
	yes
	MCS, Maybe less bits for RAR, could be similar as truncated MCS indication in LTE,

	TPC command for PUCCH 
	2
	yes
	UE needs to feedback ACK after successfully decoded msg.4 with contention resolution.

	ARI (ACK/NAK Resource Index)
	2
	Yes
	Needed for ACK resource indication

	HARQ timing indicator
	3
	yes
	To indicate the ACK timing for the msg.4




Proposal 5: for msg.4 DCI addressed to TC-RNTI, The DCI contents of the compact DCI format for msg.4 listed in the table 3 can be a starting point. For msg.4 DCI addressed to C-RNTI, follow normal PDSCH/PUSCH scheduling DCI format.
0.     ACK resource for msg.4 feedback 
In last meeting [1], RAN1 has following agreement:
the resource allocation of PUCCH of msg.4 will be derived based on the RMSI indication. As discussed in above, if the DCI is scrambled by TC-RNTI, the PUCCH resource is derived from combination of RMSI information and L1 signalling, otherwise, UE just follow the procedure of receiving the UL/DL assignment from msg.4 DCI.Agreements:
· For resource allocation for HARQ-ACK before RRC connection setup: 
· Only PUCCH Format 0 and 1 are supported 
· The resource allocation is derived based on a 4-bit parameter in RMSI 
· FFS other details (no additional RRC impact)



Combination of RMSI information and L1 signalling are used to derive the PUCCH resource of HARQ-ACK of message 4, because the PUCCH resources in the PUCCH resource set indicated by RMSI are shared by all the UEs in the cell, big number of PUCCH resources may be indicated in a set indicated by RMSI, therefore, the number of bits in DCI will be larger to indicate the PUCCH resource within the set, the ARI and other field in the DCI scheduling message 4 can be used ARI on indicate more PUCCH resource within the set. And for normal PUCCH resource, 2 bits ARI is enough to indicate 4 PUCCH resources. 


Proposal 6: PUCCH resource for msg.4 ack is determined by ARI and other field indication, e.g., HARQ timing, based on the configuration in the RMSI.
 

RACH configuration details
PRACH resource indication 
In last meeting [1], RAN1 has following agreement: Agreements:
· NR, at least, supports following mapping from actually transmitted SS blocks to RACH occasion/preamble index.
i. In the order of increasing preamble indices in single RACH occasion and then
ii. In the order of increasing the number of frequency multiplexed RACH occasions and then
iii. In the order of increasing the number of time multiplexed RACH occasions within a RACH slot
iv. In the order of increasing the number of RACH slots
· When multiple FDMed RACH occasions are configured, at least support one configuration where all FDMed RACH occasions get mapped to the same SSB, where different SSBs are associated with different RACH occasions in time domain
· FFS: when multiple FDMed RACH occasions are configured, support one configuration where all FDMed RACH occasions get mapped to one set of SSBs

And furthermore, the parameter “SSB-per-rach-occasion” is agreed with the intention to indicate the number SS blocks associated with one RACH occasion, with the above rules and the parameter, after reading the RMSI, the UE is able to associate the actually transmitted SSB to the corresponding RACH occasions. Such association information is not needed to be explicitly indicated in the RMSI.
 PDCCH order triggered PRACH 
For the PDCCH order triggered PRACH procedure, like the LTE, gNB needs to configure the dedicated preamble index and explicitly indicate the PRACH resource (this is done by PRACH mask index indication in LTE). However, in NR, for the case the association between SSB/CSI-RS and the configured RACH resource (including preamble and PRACH resource) is re-configured. The gNB should explicitly indicate the SSB-index or the CSI-RS index in the PDCCH order in order to let UE know the re-configured association. 
Proposal 7: For PDCCH order triggered PRACH, the SSB-index/CSI-RS index is explicitly given in the DCI. 

Switching from Non-SUL to SUL
It has been agreed that if UE chooses SUL for random access, it cannot switch from SUL to common UL in the subsequent random access re-attempt. However, if UE chooses common UL for random access, the switching from common UL to SUL may be beneficial if proper procedure and thresholds are defined.
If UE is trying the random access in common UL but the last DL measurement is lower than threshold used to choose SUL or common UL for initial random access attempt, it should allow the UE to switch to SUL for the random access. As the DL measurement shows that it’s unlikely for the UE to access the system by using the common UL, so mandating the UE to stick to the same UL and try again is not useful. That’s to say, if the RSRP of downlink signal is lower than this threshold, UE will switch from common UL to SUL and perform subsequent random access re-attempt.
Proposal 8: UE can switch to the SUL from non-SUL during a RACH procedure. 
If UE decides to change from common UL to SUL for the random access re-attempt, some of the parameters or counters should be also modified as well. For example, the behavior of two counters used for random access, PREAMBLE_TRANSMISSION_COUNTER and PREAMBLE_POWER_RAMPING_COUNTER, should be identified. 
As for the PREAMBLE_TRANSMISSION_COUNTER, since UE can only maintain one random access process, this counter should keep increasing while the new attempts in the switched SUL during the switching. 
For PREAMBLE_POWER_RAMPING_COUNTER, the behavior can be reset or remain unchanged. Reset this counter after switching can reduce the interference caused by the switching UE with the sacrifice of the access delay of this UE. On the contrary, remain unchanged can guarantee the access delay while may introduce interference to other UEs on SUL. This is a typical discussion in the NR before, for the benefits of random access, it’s preferred to have the PREAMBLE_POWER_RAMPING_COUNTER unchanged. Once UE switches to the SUL, it should follow the rules to remain in the SUL for the rest of the RACH procedure.
[bookmark: _GoBack]Proposal 9: PREAMBLE_TRANSMISSION_COUNTER keeps increased and PREAMBLE_POWER_RAMPING_COUNTER remains unchanged in the first random access after UE switches to the SUL from Non-SUL.
Conclusion
In this contribution, considerations on RACH procedure are presented. In particular, the following are proposed:
Proposal 1: The DCI contents of the compact DCI format for RAR are determined as in the table 1.
Proposal 2: the content of UL grant in RAR is to include: Hopping flag, Frequency-domain PDSCH resources, Time-domain PDSCH resources Truncated MCS, TPC command, CSI request, BWP indicator. 
Proposal 3: the complete of CFRA procedure could be based on detecting PDCCH addressed to C-RNTI.
Proposal 4: The DCI contents of the compact DCI format for msg.3 re-transmission listed in the table 2 can be a starting point.
Proposal 5: for msg.4 DCI addressed to TC-RNTI, The DCI contents of the compact DCI format for msg.4 listed in the table 3 can be a starting point. For msg.4 DCI addressed to C-RNTI, follow normal PDSCH/PUSCH scheduling DCI format.
Proposal 6: PUCCH resource for msg.4 ack is determined by ARI and other field indication, e.g., HARQ timing, based on the configuration in the RMSI.
Proposal 7: For PDCCH order triggered PRACH, the SSB-index/CSI-RS index is explicitly given in the DCI. 
Proposal 8: UE can switch to the SUL from non-SUL during a RACH procedure. 
Proposal 9: PREAMBLE_TRANSMISSION_COUNTER keeps increase and PREAMBLE_POWER_RAMPING_COUNTER remains unchanged in the first random access after UE switches to the SUL from Non-SUL.
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