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1 List of Open Issues

· Association of SSB to RO
· Definition of ‘Time period’ for SSB to RACH mapping
· RACH procedure timeline
· End of RAR window to Message 1 retransmission timing
· Message 4 to HARQ-ACK timing
· Timing advance adjustment timing
· Control channel design for RACH procedure
· DCI for RACH PDCCH order
· CORESET configuration for msg2/3/4
· DCI for RAR
· Contents of RAR message
· DCI for message 3 retransmission
· DCI for Message 4
· Msg4 HARQ-ACK resources
· TA granularity and range
· TA granularity in MAC-CE with multiple BWPs
· TA granularity in RAR
· TA granularity with UL and SUL
· RA-RNTI calculation
· Beam reporting in RACH procedure
· CFRA design and dedicated preambles
· RACH design for SUL




2. Association of SSB to RACH occasions

2.1 Background

RAN1 #2018 AH01 agreementAgreements:
· 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 


2.2 Company positions

Proposals:
· Alt1: Time period for SSB to RO synchronization is the PRACH configuration period
· Supported by: Qualcomm, Vivo, Mediatek, Samsung, 
· Alt2: Time period for SSB to RO synchronization is multiple of PRACH configuration periods
· Alt 2a: The number of multiple PRACH configuration periods is 
· Supported by: ZTE, Ericsson

· Alt 2b: The number of multiple PRACH configuration periods is smallest power of two multiple
 
· Supported by: Qualcomm, DOCOMO, 
· Alt3: Time period for SSB to RO synchronization is the max of the PRACH configuration period and the SSB burst period
· Supported by: CATT, LGE, 
· Alt4: Time period for SSB to RO synchronization is the RMSI TTI (80 ms or 160 ms)
· Supported by: ZTE
· Alt5: Time period for SSB to RO synchronization is the 160 ms
· Supported by: Huawei, Nokia, CMCC, 

2.3 Suggestion action

Down-select among above options.

3. RACH procedure timeline
3.1 Msg4 to Msg4 ACK timing

3.1.1 Company positions

Option 1: Minimum time gap between the end of PDSCH for Msg4 and the start of HARQ-ACK equals to the duration of N1 + 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
· L2=500 usec refers to the MAC layer processing time

· Supported by: Huawei, Mediatek, Qualcomm, Nokia

3.1.2 Suggested agreement

Minimum time gap between the end of PDSCH for Msg4 and the start of HARQ-ACK equals to the duration of N1 + 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
· L2=500 usec refers to the MAC layer processing time

3.2 End of RAR window to Msg1 retransmission timing

3.2.1 Company positions

Option 1: 
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 + duration of N2 + 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
· 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
· Supported by: Mediatek, Qualcomm

Option 2: 
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 + 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
· 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
· Supported by: Huawei, HiSilicon


3.2.2 Suggested agreement

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 + duration of N2 + 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
· 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


3.3 PDCCH to PDCCH ordered RACH timing

Suggested action:
Discuss Mediatek’s proposal.
3.3.1 Company positions

Qualcomm: 
· Minimum time gap between PDCCH and corresponding PDCCH ordered RACH is:
· N2
· N2 refers to the value determined in control session with UE capability #1 and depends on tone spacing of RACH preamble
· N2 is calculated based on 15 kHz numerology when PDCCH ordered RACH uses 1.25 kHz or 5 kHz SCS.
Mediatek:
[bookmark: _Ref506636398]Proposal 1: 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.  

3.3.2 Suggested agreement

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

3.4 Timing advance adjustment timing

3.4.1 Timing advance granularity

From Qualcomm’s contribution,


“For a timing advance command received on slot , the corresponding adjustment of the uplink transmission timing applies from the beginning of slot .”
Observation 1: The six-slot gap between the reception of TA command and the corresponding adjustment of the uplink transmission timing, as shown in current version of 38.213, was not agreed in any RAN1 meeting or in any email discussion.
UE needs to decode PDSCH to find the TA command and may apply it to its PUSCH transmission. Hence, the minimum gap needs to accommodate the PDSCH processing procedure time and the PUSCH preparation procedure time. Besides, the TA command is included in MAC-CE. UE requires L2 processing to find the TA command.
Proposal 4: The minimum time gap between the reception of 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:
· Duration of N1 + duration of N2 + L2
· 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.
· Note: If PDSCH and uplink transmission have different SCS, values of N1 and N2 will refer to the ones determined in control session.”

From Motorola,
Proposal 2: The time gap of TA adjustment is duration of N1+duration of N2+L2+TA when the TA command is carried by Msg2/RAR.
Proposal 3: The time gap of TA adjustment is duration of N1 +L2+TA when the TA command is carried by MAC CE in PDSCH
· N1 is based on UE’s capability

Suggestion action:
Discuss proposals made by Qualcomm and Motorola.

3.5 Specific timeline values

From Nokia’s contributions,
“Proposal: UL grant for Msg3 in Msg2 has 3-bit time domain PUSCH resource field to provide an index to pre-defined table indicating different combinations of slot offset, starting symbol, number of consecutive symbols and mapping type. 
Proposal: Once the set of slot offsets in 3-bit Time-domain PUSCH resources of DCI format 0_0 are defined for other PUSCH allocations, then we can add the following additional fixed slot offset value (fixed in the spec) to be applied for Msg 3 initial transmission as follows:
-	4 slots for 15 kHz SCS
-	4 slots for 30 kHz SCS
-	6 slots for 60 kHz SCS
-	8 slots for 120 kHz SCS

Proposal: 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: Add a fixed additional slot offset value that is SCS dependent on top of the default K1 used in [3]-bit PDSCH-to-HARQ_feedback timing indicator field in DCI format 1_0. so that minimum time gap between Msg4 and Msg4 HARQ-ACK can be achieved. The values are: 
· 1 slot for 15 and 30 kHz SCS
· 3 slots for 60 kHz SCS 
· 5 slots for 120 kHz SCS”

Suggestion action:
Discuss above proposal.

4. RA-RNTI calculation
Note: can be left for RAN2 to decide.
5. DCI contents in RACH procedure

5.1 DCI contents in PDCCH ordered RACH

5.1.1 Company positions

Huawei:
Table 1. Contents of DCI to trigger CFRA
	Item
	Size

	Carrier indicator(UL or SUL)
	1bit

	BWP index
	2bit

	Preamble Index
	6bits

	PRACH Mask 
	3bits

	Index of reported SS/PBCH blocks (optional)
	[2]bits

	Index of reported CSI-RS resources (optional)
	[2]bits



Propose 2: Use Table 1 as the start point of DCI contents to trigger CFRA. 
ZTE
Proposal 10: The UE can be assigned a relative preamble index for a set of SSBs with a PDCCH order. The set of SSBs is not indicated in the DCI, but needs to be pre-configured, e.g. a set of SSBs configured for beam failure detection or by default all actually transmitted SSBs.

Proposal 11: The UE is allocated one PRACH transmission opportunity per SSB in the set of SSBs, following the PDCCH order reception.
Mediatek
[bookmark: _Ref506476192]Proposal 2: The SSB/CSI-RS index is not included in the PDCCH order. 
[bookmark: _Ref506476208][bookmark: _Ref506636281]Proposal 3: 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: _Ref506476177][bookmark: _Ref506636259]Proposal 4: 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 5: 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. 

Samsung
Proposal 8: For PDCCH order triggered PRACH, the SSB-index/CSI-RS index and the RO index is explicitly given in the DCI. 
Nokia
Proposal: At least the following fields should be included in DCI format for PDCCH order DCI format for PDCCH order:
· Random Access Preamble Index
· Absolute preamble index: 6-bits (since 6 bits reserved for indication of CBRA)
· UL/SUL indicator: 1-bit
· UL BWP index
· Carrier ID
· SSB index

LGE

Proposal 5: 
· Which ROs to use for the RACH procedure by the PDCCH order is indicated via the DCI contents.
· The dedicated preamble index should be included in the DCI.
· In SSB:RO=1:1 mapping case, single dedicated preamble index can be allocated for the contention-based RACH procedure.
· In SSB:RO = M:1 mapping case, at least consecutive M preambles need to be dedicated for the contention-free RACH procedure.

DOCOMO
Table II: The contents of PDCCH order
	Field
	Bit size
	Need

	Relative location of time/frequency RACH occasions
	3 bits
	Needed

	Relative preamble index
	6 bits
	Needed

	indication of whether UE is informed which SSB to select
	1 bit
	Needed if Alt2 is supported

	SSB index
	6 bits
	Needed if Alt2 is supported

	UL/SUL indicator
	1 bit
	Needed

	UL BWP index
	FFS
	FFS

	Carrier ID
	FFS
	FFS



Sharp
· The following schemes on SS/PBCH block (CSI-RS) reselection during PDCCH order-based CFRA are considered
· SS/PBCH block (CSI-RS) for Msg.1 is indicated by PDCCH order
· The index of SS/PBCH block (CSI-RS) is included in PDCCH order
· SS/PBCH block (CSI-RS) for Msg.1 is reselected by UE from a set of multiple candidates
· FFS: how to indicate a set of preamble indices for multiple SS/PBCH blocks (CSI-RSs) by PDCCH order
Ericsson
[bookmark: _Toc506567937][bookmark: _Toc506567360][bookmark: _Toc506567226][bookmark: _Toc506567199][bookmark: _Toc506567183][bookmark: _Toc506559985][bookmark: _Toc506559433][bookmark: _Toc506559397]Proposal 1 Use only RO-index to indicate the RO for preamble transmission for PDCCH ordered random access procedure. There is no need to signal SSB-index/CSI-RS-index.

[bookmark: _Toc506567938][bookmark: _Toc506567361][bookmark: _Toc506567227][bookmark: _Toc506567200][bookmark: _Toc506567184][bookmark: _Toc506559986][bookmark: _Toc506559434][bookmark: _Toc506559398]Proposal 5 The RO-index consists of 9 or 10 bits, and it is used to indicate the RO for PDCCH ordered PRACH transmission.
[bookmark: _Toc506567939][bookmark: _Toc506567362][bookmark: _Toc506567228][bookmark: _Toc506567201][bookmark: _Toc506567185][bookmark: _Toc506559987][bookmark: _Toc506559435][bookmark: _Toc506559399]Define a UE behavior such that when all ROs are available for PDCCH ordered PRACH transmission, then, the UE should transmit PRACH at the earliest possible RO in the time domain and the first RO in the frequency domain.

Inclusion of RACH occasion index in PDCCH order:
1. PDCCH order includes RACH occasion index
· Supported by: Huawei, Samsung, Mediatek, LGE, DOCOMO, Ericsson, 
2. Number of bits included in PDCCH order to convey RACH occasion index
· Alt 1: 3 bits	
Supported by: Huawei, DOCOMO
· Alt 2: 9 or 10 bits
· Supported by: Ericsson

Inclusion of SSB index in PDCCH order:
DCI content of PDCCH that orders RACH procedure includes SSB indices.
Yes:
· Nokia, Samsung, Sharp
No: 
· ZTE, Mediatek, Ericsson

Optional:
· Huawei, DOCOMO
· Note: DOCOMO suggests to include 1 bit in DCI that indicates whether DCI should include SSB index or if UE should use pre-configured SSB index for PDCCH ordered RACH procedure

5.1.2 Suggested agreement and discussion items

1. DCI content indicates the RACH occasions that are used for the PDCCH ordered RACH
 procedure.
2. 3 bits are included in DCI content to indicate the RACH occasions that are used for the PDCCH 
ordered RACH procedure.


· Discuss whether SSB index is included in DCI contents during PDCCH ordered RACH procedure.


5.2 Uplink grant in RAR


5.2.1 Background

RAN1#91 agreements
Agreements:
· UE adjusts its power setting for Msg. 3 using the transmit power control command in Msg2 and the transmit power of the latest PRACH preamble
· The size of UL grant in RAR for Msg3 is left to control channel session (Scheduling/HARQ agenda item)

Based on this agreement, the content of the DCI should also be decided by the scheduling and HARQ agenda item.

5.2.2 Company positions

From CATT,
[bookmark: _Ref503195288]Table 1: UL grant for RACH Msg 3
	Parameter
	LTE
	NR
	Remarks

	Reserved
	 
	1
	0
	 

	Timing Advance
	 
	11
	12
	12 bits confirmed in 38.321

	UL grant
	Hopping flag
	1
	1
	It was agreed to support a frequency hopping flag for Msg3 and that contiguous RA (Type1) is used for fallback DCI. Here we assume that RA Type1 is also used for Msg3 regardless of DFT-s-OFDM or CP-OFDM waveform.

	
	Frequency domain RA
	10
	10
	For LTE, contiguous RB allocation is used with DFT-s-OFDM and the actual number of RBs is restricted by the size of this field and also whether 1 or 2 bits are reserved for hopping information. For NR we can have a maximum of 275 PRBs but maybe limiting to 10 bits is still okay. 

	
	Time domain RA
	1
	2 or 3
	In LTE this field was called UL delay and was used to either transmit the PUSCH in the first available UL subframe at least 6 subframes after the RAR or delay to the next available UL subframe and is an example of limited timing flexibility. For DCI-based scheduling in NR, it was agreed to support a 4 bit timing field consisting of at least the slot index, start symbol and duration. If UL grant is limited to 20 bits, some enhanced flexibility, but less than DCI-based scheduling can be obtained with 2 bits. If TPC command field can be reduced to 2 bits, the time domain RA field can be increased to 3 bits. The same field size can be defined for DCI format 0_0 transmitted in a common search space.

	
	Truncated MCS
	4
	4
	Seems reasonable to also restrict the MCS as in LTE to no higher than 16QAM 

	
	TPC command
	3
	2 or 3
	The TPC command field is either 3 bits as in LTE or reduced to 2 bits as in DCI format 0_0.

	
	CSI request
	1
	0
	For LTE, this field is only used for non-contention based random access procedure. The same can apply in NR but in NR CSI request field in UL DCI depends on the CSI triggering configuration and can be 0 - 6 bits. One possibility is to disallow A-CSI triggering by RAR. Otherwise we need to increase the number of octets of the MAC PDU or reduce some other field to get e.g. a 1-bit CSI request field.

	Temporary C-RNTI
	 
	16
	16
	 

	Total
	 
	48
	48
	 



From Samsung,
- 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.
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. 

From Qualcomm,
Proposal 13: NR supports RAR payload containing CSI-RS request bit. 
5.2.3 Suggested action

Based on the RAN 91 agreement, UL grant for RAR should be decided by the scheduling and HARQ agenda item.

5.3 DCI contents of Msg2/3/4

Samsung
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.

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.
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.

5.3.1 Suggested action

Discuss if the content of the DCI for Msg 2/3/4 can be left for control session (7.3.1.4) to decide. Also, some aspects of the content of the DCI are also related with 7.3.3.1 (DL/UL resource allocation) and 7.3.3.2 (HARQ timing indicator).
6. Search space of RACH procedure

6.1 Company positions

From Qualcomm,
Proposal 3: NR supports search space of Msg2/3/4 grants to occur only at the beginning of each slot in RAR window.
From Nokia,
Proposal: UE monitors Msg2 search space in the first CORESET in case of PRACH preamble is associated to even SS/PBCH block index and in the second CORESET in case of PRACH preamble is associated to odd SS/PBCH block index in case of two CORESETs within a slot and RMSI CORESET configuration is used for RAR.

From Motorola Mobility, Lenovo,
Proposal: UE monitors a control resource set associated with a selected SSB in order to receive scheduling information for RAR. Furthermore, UE shall not assume that multiple PDSCH(s), which carry RAR for a given RACH occasion and each of which is associated with a different SSB (and a different search space), have the same TB.
Proposal 2: NR supports gNB to generate multiple smaller RAR MAC PDUs, if one RACH occasion is associated with multiple SSBs.




6.2 Suggested action

Related with control channel (7.3.1.2) and UE feature list discussion. Can consider discussing in those sessions.

7. TA granularity discussion

7.1 TA granularity with multiple UL BWP

7.1.1 Background

Email discussion [90b-NR-42] agreement:
After email approval:
Agreements:
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.

RAN1#91 (NR-LTE co-existence agenda item) agreement

After email approval:

Agreement:
· 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



7.1.2 Company positions
Vivo
[bookmark: _Ref503547505]Proposal 6: In the case of multiple configured UL BWPs in the TAG, the TA granularity is based on the maximum SCS of all semi-statically configured UL within the TAG.
Mediatek
[bookmark: _Ref506636702][bookmark: _Ref506556840]Proposal 7: 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.  
CATT
Proposal 1: NR should support one of the following two methods for determination of granularity of the TA command for each TAG in the following.
· Based on the largest subcarrier spacing among all of the subcarrier spacings in all configured UL BWPs of all component carriers in a TAG.
· Based on the largest subcarrier spacing among all of the subcarrier spacings in all active UL BWPs of all component carriers in a TAG.
NOKIA
Proposal: Revisit the agreement made in RAN1#91 in NR-LTE co-existence AI about the granularity of the TA in the MAC CE. Select one of the options based on agreements based on email discussion [90b-NR-42]. 
Proposal: Support Alt 3: TA command or additional field in MAC-CE explicitly indicates the TA granularity used.
Qualcomm:
Proposal: For multiple configured cells in a TAG, the granularity of the TA in MAC-CE depends on the subcarrier spacing of only one out of all configured cells within the 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

7.1.3 Suggested action

Discuss these in 7.1.1.6, which was generated to discuss TA granularity aspects.

6.2 TA granularity in RAR

6.2.1 Background

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

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

	15
	16*64 Ts

	30
	8*64 Ts

	60
	4*64 Ts

	120
	2*64 Ts



Note:  seconds.



However, during the same meeting (RAN1 91), RAN1 made the following agreement in NR-LTE coexistence session 
	Agreements:
· 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



The last part of the above agreement seems to contradict with the previous agreement that got agreed in the RACH procedure session. Note that, the current version of the 38.213 spec captures the agreement of the RACH procedure session [2].







“ 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, ..., 256 if the UE is configured with a SCG, and  = 0, 1, 2, ..., 1282 otherwise, 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 from the UE after the reception of the random access response.”

6.2.2 Summary

Suggested agreement:
Confirm that
· For the timing advance in RAR, its granularity depends on:
· Subcarrier spacing of the first uplink transmission after RAR



8. Multiple Msg1 in CFRA considerations
8.1 Background

RAN plenary#77 endorsed the essentially functionalities to be completed by December 2017 in RP-172108:Initial access and mobility 
· Aiming December 2017 completion:
· SS/PBCH block based cell/beam detection
· Random access channel design
· Contention based RACH procedure based on single Msg.1
· Contention free RACH procedure based on single Msg.1
· RRM/RLM measurement
· Remaining minimum system information (RMSI) delivery
· Broadcast other system information (OSI) delivery
· Paging design


However, RAN2#99 made the following agreement:
Agreements:
· 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



8.2 Company positions

Several companies made proposals regarding multiple Msg1:
Qualcomm:
“Proposal 6: Multiple Msg1 for CFRA during handover, if supported, cannot be a mandatory feature for Rel-15 UEs. 
· Multiple Msg1 for CFRA during handover can only be a UE capability feature in Rel-15 or be deprioritized in Rel-15.
· If NR cannot decide all necessary mechanisms (e.g. timeline, power control) for multiple Msg1 for CFRA to work, this feature should be deprioritized in Rel-15.

Proposal 7: Multiple Msg1, if supported, is allowed only in dedicated time-frequency domain RACH occasions that do not contain CBRA preambles.
Proposal 8: If multiple Msg1 is supported, NR allows network to configure the number of consecutive Msg1 that UE is allowed is transmit with the same UE TX beam before the expiration of RAR window.
Proposal 9: For multiple Msg1 transmission, NR also supports configuring UE a monitoring bit pattern which maps multiple RACH transmission occasions to a sequence of time regions within the RAR window.

Proposal 10: UE can be permitted to select multiple SSBs/CSI-RSs for transmitting multiple Msg1, as long as the UE can simultaneously monitor the selected SSBs/CSI-RSs (and hence the spatially QCLed RARs) over the single RAR window. “

Mediatek:
[bookmark: _Ref503444905]Proposal 8: 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 9: 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 10: 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 11: From the UE’s perspective, UE assumes single RAR reception within a RAR window even when multiple Msg1 transmission is configured. 
[bookmark: _Ref503444954]Proposal 12: Multiple Msg3 transmissions are not supported even when multiple Msg1 transmissions are configured.
ITL:
Proposal 2: The following minimum timing requirement for a new preamble transmission should be considered:
· If two (all) RARs are received within a RAR window, but the corresponding two (all) DL-SCH transport blocks does not contain a response to the transmitted preambles,
· If all RARs are received without a response to the transmitted preamble and the last received RAR among all RARs is received in slot n (or OFDM symbol i in slot n) within a RAR window, the UE shall, if requested by higher layers, be ready to transmit a new preamble no later than in slot n+K or slot n+K+N with respect to the SCS of either the Msg.2 or UL carrier that the multiple preambles are transmitted (B1 in Figure 2).
· Otherwise,
· If two (all) RARs have not been received in slot n (or OFDM symbol i in slot n) where slot n is the last slot of the RA window, the UE shall, if requested by higher layer, be ready to transmit a first new preamble no later than in slot n+K or slot n+K+N with respect to the SCS of either the Msg.2 or UL carrier that the multiple preambles are transmitted (B2 in Figure 2).

8.3 Suggestion action

Discuss following proposal
“Multiple Msg1 for CFRA during handover, if supported, cannot be a mandatory feature for Rel-15 UEs. 
· Multiple Msg1 for CFRA during handover can only be a UE capability feature in Rel-15 or be deprioritized in Rel-15.
· If NR cannot decide all necessary mechanisms (e.g. timeline, power control) for multiple Msg1 for CFRA to work, this feature should be deprioritized in Rel-15.


9. Suggested Change Requests

9.1 PRACH Power Control - I
From Spreadtrum
Proposal 1: Revise that a transmission power for a PRACH is determined according to the PREAMBLE_RECEIVED_TARGET_POWER provided by MAC entity.
Proposed changes:
/************************ Start of Text Proposal **************************/
7.4  Physical random access channel



A UE determines a transmission power for a physical random access channel (PRACH) for carrier  of serving cell  in transmission period  as 

 [dBm],










where  is the configured UE transmission power defined in [8, TS 38.101] for carrier  of  serving cell  within transmission period ,   is the preamble transmission target reception power PREAMBLE_RECEIVED_TARGET_POWER provided by higher layer [11, TS 38.321] parameter preambleReceivedTargetPower for carrier  of  serving cell , and  is a pathloss calculated by the UE for carrier  of serving cell  in dB calculated as referenceSignalPower – higher layer filtered RSRP, where RSRP is defined in [7, TS 38.215], the higher layer filter configuration is defined in [12, TS 38.331], and referenceSignalPower is SS-PBCHBlockPower, where SS-PBCHBlockPower is provided by SystemInformationBlockType1. 

If the UE transmits PRACH to convey link reconfiguration request, as described in Subclause 6,  is provided by higher layer parameter preambleReceivedTargetPower -BFR.  
If within a random access response window, as described in Subclause Error! Reference source not found., the UE does not receive a random access response that contains a preamble identifier corresponding to the preamble sequence transmitted by the UE, the UE shall determine a transmission power for a subsequent PRACH transmission, if any, as described in [11, TS 38.321].
If prior to a PRACH retransmission, a UE changes the spatial domain transmission filter, Layer 1 shall notify higher layers to suspend the power ramping counter as described in [11, TS 38.321].
/************************ Unchanged parts omitted**************************/



9.2 PRACH Power Control – II

Proposal 1: Clarify that the path-loss for determination of PRACH transmit power is calculated based on the current selected SS block.
----------------------------------------------------TP on CR 38.213(start)-------------------------------------------
7.4 Physical random access channel
A UE determines a transmission power for a physical random access channel (PRACH) for carrier [image: ] corresponding to the current selected SS block of serving cell [image: ] in transmission period [image: ] as 
[image: ] [dBm],
where [image: ] is the configured UE transmission power defined in [8, TS 38.101] for carrier [image: ] of  serving cell [image: ] within transmission period [image: ],  [image: ] is provided by higher layer parameter preambleReceivedTargetPower for carrier [image: ] of  serving cell [image: ], and [image: ] is a pathloss calculated by the UE for carrier [image: ] corresponding to the current selected SS block of serving cell [image: ] in dB calculated as referenceSignalPower – higher layer filtered RSRP of the current selected SS block, where RSRP is defined in [7, TS 38.215], the higher layer filter configuration is defined in [12, TS 38.331], and referenceSignalPower is SS-PBCHBlockPower, where SS-PBCHBlockPower is provided by SystemInformationBlockType1. 

----------------------------------------------------TP on CR 38.213(end)---------------------------------------------


9.3 Random access procedure description

From Nokia:
_____________________________________________________________________________________
8 	Random access procedure
Prior to initiation of the physical random access procedure, Layer 1 shall receive from higher layers a set of SS/PBCH block indexes and shall provide to higher layers a corresponding set of RSRP measurements.
Prior to initiation of the physical random access procedure, Layer 1 shall receive the following information from the higher layers:
-	Configuration of physical random access channel (PRACH) transmission parameters (PRACH preamble format, time resources, and frequency resources for PRACH transmission).
-	Parameters for determining the root sequences and their cyclic shifts in the PRACH preamble sequence set (index to logical root sequence table, cyclic shift ([image: ]), and set type (unrestricted, restricted set A, or restricted set B)).
From the physical layer perspective, the L1 contention-based random access procedure encompasses the transmission of random access preamble (Msg1) in a PRACH, random access response (RAR) in a PDSCH (Msg2), Msg3 PUSCH, and PDSCH for contention resolution.
From the physical layer perspective, the L1 contention-free random access procedure encompasses the transmission of random access preamble (Msg1) in a PRACH, and random access response (RAR) in a PDSCH (Msg2).

9.4 Maximum transmission timing adjustment

From Huawei,
Proposal 6: UE assumes that NTA = 0 for PRACH preamble transmission.
---------------------------------- Start of Text Proposal ---------------------------------
6.3.3.2 Mapping to physical resources
The preamble sequence shall be mapped to physical resources according to





where   is an amplitude scaling factor in order to conform to the transmit power specified in [5, TS38.213], and  is the antenna port. Baseband signal generation shall be done according to clause 5.3 using the parameters in Table 6.3.3.1-1 or Table 6.3.3.1-2 with  given by Table 6.3.3.2-1.
Random access preambles can only be transmitted in the time resources given by the higher-layer parameter PRACHConfigurationIndex according to Table 6.3.3.2-2 depends on FR1 or FR2 and the spectrum type as defined in [TS38.101]. The start of the random access preamble shall be aligned with the start of the corresponding OFDM symbols as indicated by higher layer at the UE by assuming NTA = 0.

Random access preambles can only be transmitted in the frequency resources given by parameter prach-FDM. The PRACH frequency resources  are numbered in increasing order from 0 to prach-FDM -1 within the initial active uplink bandwidth part, starting from the lowest frequency. 
For the purpose of slot numbering in the tables, the following subcarrier spacing shall be assumed:

-	 for PRACH preamble formats 0 – 3


-	for PRACH preamble formats A1, A2, A3, B1, B2, B3, B4, C0, C2 where  is the configured PRACH subcarrier spacing.
------------------------------------End of Text Proposal -------------------------------

10. Association of SSB to RACH occasion for CFRA

From ZTE, 
preamble index for SSB as:
· Allocated preamble index for SSB i = Xi + ra-PreambleIndex, where Xi is either 
· Alt.1: the lowest index in the subset of CBRA preamble indices allocated to SSB i, or
· Alt.2: the lowest index after the subset of CBRA preamble indices allocated to SSB i.  

11. Beam reporting during RACH procedure
From Qualcomm,
Proposal 11: NR supports gNB configuring reporting of SS block index, e.g., strongest SS block index, through Msg3 of contention based random access.

Proposal 12: At least during CFRA to convey beam failure recovery request, NR supports transmission of dedicated CSI-RS sent along with Msg2 and reporting based on CSI-RS in the subsequent dedicated UL resource.
From Nokia,
Proposal: No beam refinement in random access in Rel15. 

Suggested action: 
Discuss above proposals.
12. NTA_offset discussion

From Vivo,
[bookmark: _Ref506308342]Proposal 13: NTA_offset and/or NTA issues need to be solved at least in the below two scenarios.
· Scenario 1: EN-DC scenario where there are at least one LTE TDD cell and one NR TDD cell
· Scenario 2: Standalone and non-standalone SUL scenarios

From Huawei,
Proposal 7: NTA-offset of SUL should be the same as that of UL.


13. RACH design for SUL
Samsung:
Proposal 9: UE can switch to the SUL from non-SUL during a RACH procedure. 
Proposal 10: 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.
Suggested action:
Discuss above proposals.
15. RACH configuration with BWP operation
Motorola Mobility, Lenovo:
PRACH resources associated with non-serving cell-defining SSBs from the same gNB can be configured for the UE via dedicated signaling. This can avoid additionally reserving PRACH resources in a BWP different from an initial UL BWP for a given cell-defining SSB.
Proposal 1: Rel-15 NR supports UE-specific PRACH resource configuration and RACH configuration for efficient BWP operation. 
Suggested action:
Discuss above proposals.
16. Maximum TBS size for RAR
[bookmark: _Ref506476654]From Mediatek:
Proposal 11: The maximum TBS size of RAR is not larger than 2216 bits in NR. 
Suggested action:
Discuss above proposal.
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