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1	Introduction
During the NR Study Item, RAN1 has established requirements and scenarios for NR [1] and has identified technology components that are needed to standardize the NR system [2]. The objective of the work item phase is to specify the NR functionalities for enhanced mobile broadband (eMBB) and ultra-reliable low latency communications (URLLC) considering frequency ranges up to 52.6 GHz and considering forward compatibility and introduction of new technology components for new use cases.
In this contribution, we discuss about the remaining details on the NR random access procedure and address the following points:
· On simultaneous transmission of PRACH and PUSCH/PUCCH/SRS in case of inter-band CA
· Timing of the TA adjustment relative to the TA command
· Message 3 time domain allocations
· Random Access default search space

This is a revision of R1-1804457.
2	Remaining open issues
2.1	On simultaneous transmission of PRACH and PUSCH/PUCCH/SRS in case of inter-band CA
Based on the following agreements in RAN1#92bis it was left open whether or not UE support simultaneous transmission of PRACH and PUSCH/PUCCH/SRS in case of inter-band CA:
	Agreements:
UE does not simultaneously transmit PRACH and PUSCH/PUCCH/SRS in, at least, single CC and in intra-band CA, during any of the following scenarios:
· Same slot 
· When the gap between the end of PRACH (PUSCH/PUCCH/SRS) and the start of PUSCH/PUCCH/SRS (PRACH) is less than N symbols
· N = 2 for 15 kHz and 30 kHz SCS. 
· N = 4 for 60 kHz and 120 kHz SCS.
· Working assumption: Reference SCS for determining N is the SCS for UL BWP.
· FFS: inter-band CA.
· Transmission of PRACH or SR (on PUCCH) if any, is up to UE implementation.



In inter-band CA case, it depends on UE capability to transmit simultaneously on different carriers. Furthermore, the capability may be dependent on the certain band combination as noted in [R1-1805728 “Rel-15 NR UE feature list”, UE feature #6-20]. 
Observation 1: UE capability to transmit simultaneously in inter-CA case may be per band combination. 
Given the UE is capable of transmitting simultaneously on two carriers in inter-band CA case the UE’s total transmission power is however limited. In case the UE would exceed total allowed transmission power certain dropping and/or power scaling rules may need to be defined. We consider the following rules:
1) When PRACH and SRS are configured to be transmitted simultaneously drop SRS if the total transmit power would exceed the max allowed transmit power value
2) When PRACH and PUCCH/PUSCH are configured to be transmitted simultaneously adjust transmission power of PUCCH/PUSCH so that the total transmit power does not exceed the max allowed transmit power value

Proposal 1: Define dropping and/or power scaling rules for the case the UE (capable of transmitting simultaneously on different carriers in inter-band CA case) is configured to transmit simultaneously PRACH and PUSCH/PUCCH/SRS:
1)	When PRACH and SRS are configured to be transmitted simultaneously drop SRS if the total transmit power would exceed the max allowed transmit power value
2)	When PRACH and PUCCH/PUSCH are configured to be transmitted simultaneously scale transmission power of PUCCH/PUSCH so that the total transmit power does not exceed the max allowed transmit power value
2.2	Timing of the TA adjustment relative to the TA command
In RAN1#92bis the following related working assumption was made:
	Working assumption:
[bookmark: _Hlk511886682]For a TA command in MAC-CE received on slot n, the corresponding adjustment of the uplink transmission timing shall apply from the beginning of slot n+k where k-1 is equal to ceil((duration of N1 + L2 + duration of N2 + TA_max)/slot_duration) and where
· N1 refers to the value determined in control session with front loaded plus additional DMRS and UE capability #1
· N2 also refers to the value determined in control session with UE capability #1
· L2 refers to the MAC processing latency and is equal to 0.5 msec.
· TA_max is equal to the maximum timing advance value that the 12 bit TA command can provide with respect to the UL SCS
· Note: Spec captures the value k for different SCS
· UE is not expected that UL transmissions in the same slot shall apply different TA values.
· If this happens, it is up to UE’s implementation.
•	FFS: the reference SCS of slot n+k and the time duration of (k-1) slots when UL and DL have different SCSs



N1 is based on SCS that corresponds to the min (scsDL, scsUL) where the scsDL corresponds to the subcarrier spacing of the downlink with which the PDSCH was transmitted and scsUL corresponds to the subcarrier spacing of the uplink channel with which the HARQ-ACK is to be transmitted. [3GPP TS 38.214, section 5.3] Furthermore, N2 is based on SCS that corresponds to the min(scsDL, scsUL) where the scsDL corresponds to the subcarrier spacing of the downlink with which the PDCCH carrying the DCI scheduling the PUSCH was transmitted and scsUL corresponds to the subcarrier spacing of the uplink channel with which the PUSCH is to be transmitted. [3GPP TS 38.214, section 6.4]
Based on above it seems logical that the reference SCS of slot n+k and the time duration of (k-1) slots is minimum of DL SCS and UL SCS. 
Proposal 2: The reference SCS of slot n+k and the time duration of (k-1) slots when UL and DL have different SCSs is minimum of DL SCS and UL SCS. 
In Table 1 calculations of k-1 for application time of a TA command in MAC-CE for different UL and DL SCS combinations are provided. Single value per UL SCS is preferred to make implementation and testing simple. 
[bookmark: _Ref513357281]Table 1 Calculation of k-1 for application time of a TA command in MAC-CE
[image: ]
Based on Table 1 we propose the following values to be adopted:
· Reference SCS 15 kHz: k-1 equals to 5 slots
· Reference SCS 30 kHz: k-1 equals to 5 slots
· Reference SCS 60 kHz: k-1 equals to 8 slots
· Reference SCS 120 kHz: k-1 equals to 10 slots

Proposal 3: For a TA command in MAC-CE received on slot n, the corresponding adjustment of the uplink transmission timing shall apply from the beginning of slot
· n+6 for min(UL SCS, DL SCS)=15 kHz and min(UL SCS, DL SCS)=30 kHz
· n+9 for min(UL SCS, DL SCS)=60 kHz
· n+11 for min(UL SCS, DL SCS)=120 kHz

2.3	Msg3 PUSCH time domain resource assignment in RAR
Related to Msg3 PUSCH time domain resource assignment in RAR the following was captured in RAN1#92bis [3]:
	Proposal for working assumption:
· For the MSG3 PUSCH time domain resource assignment in RAR, the UE uses the default table or table indicated by RMSI for MSG3 PUSCH for the value of K2
· Note:  FFS: Numerology for K2
· Additional delay is added to K2 to account for N1+L2. The delay is subcarrier specific and given by the specification
· Note: If Msg2 and Msg3 have different SCS, value of N1 – in terms of absolute time - are determined by lower SCS between Msg2 and Msg3
· Note: Working assumption can be revisited once default table and/or support for RMSI signaling has been decided
Revist till next meeting



The CR to 38.214 capturing the RAN1#92bis meeting agreements [4] describes currently the time domain allocation for Msg3 as follows (Msg3 specific highlighted):
	6.1.2.1.1	Determination of the resource allocation table to be used for PUSCH
Table 6.1.2.1.1-1 defines which PUSCH time domain resource allocation configuration to apply. Either a default PUSCH time domain allocation A according to table 6.1.2.1.1-2, is applied, or the higher layer configured pusch-AllocationList in either pusch-ConfigCommon or pusch-Config is applied.
Table 6.1.2.1.1-3 defines the subcarrier spacing specific values j. j is used in determination of   in conjunction to table 6.1.2.1.1-2, where  are the subcarrier spacing configurations for PUSCH.
Table 6.1.2.1.1-4 defines the additional subcarrier spacing specific slot delay value for MSG3. When the UE transmits a MSG3, the Δ value specific to MSG3 subcarrier spacing µPUSCH is applied in addition to the K2 value.
[bookmark: _Hlk512342368]Table 6.1.2.1.1-1: Applicable PUSCH time domain resource allocation
	[bookmark: _Hlk512342651]RNTI
	PDCCH search space
	pusch-ConfigCommon includes pusch-AllocationList
	pusch-Config includes pusch-AllocationList
	PUSCH time domain resource allocation to apply

	PUSCH scheduled by MAC RAR as described in subclause 8.2 of [x, TS 38.213]
	No
	-
	Default A

	
	
	
	

	C-RNTI, TC-RNTI
	Type1 common
	No
	-
	Default A

	
	
	
	
	

	C-RNTI, CS-RNTI
	Type3 common
	No
	No
	Default A

	
	
	
	
	

	
	
	
	
	

	C-RNTI, CS-RNTI
	UE specific
	No
	No
	Default A

	
	
	Yes
	No
	pusch-AllocationList provided in pusch-ConfigCommon 

	
	
	No/Yes
	Yes
	pusch-AllocationList provided in pusch-Config




Table 6.1.2.1.1-2: Default PUSCH time domain resource allocation A 
	Row index
	PUSCH mapping type
	
	S
	L

	1
	Type A
	j
	0
	14

	2
	Type A
	j
	0
	12

	3
	Type A
	j
	0
	10

	4
	Type B
	j
	2
	10

	5
	Type B
	j
	4
	10

	6
	Type B
	j
	4
	8

	7
	Type B
	j
	4
	6

	8
	Type A
	j+1
	0
	14

	9
	Type A
	j+1
	0
	12

	10
	Type A
	j+1
	0
	10

	11
	Type B
	j+2
	0
	14

	12
	Type A
	j+2
	0
	12

	13
	Type A
	j+2
	0
	10

	14
	Type B
	j
	8
	6

	15
	Type A
	j+3
	0
	14

	16
	Type A
	j+3
	0
	10



Table 6.1.2.1.1-3: Definition of value j
	µPUSCH
	j
	Δ

	0
	1
	2

	1
	1
	2

	2
	2
	4

	3
	3
	6



Table 6.1.2.1.1-4: Definition of value Δ
	µPUSCH
	Δ

	0
	2

	1
	2

	2
	4

	3
	6






We consider that time domain allocation for Msg3 as described in [4] (quoted above) provides the intended behaviour. 
Observation 2: Msg3 PUSCH time domain resource assignment in RAR as provided in 6.1.2.1.1 of R1-1805796 [4] captures the intended behaviour.

2.4	Random Access default search space
Related to Random Access default search space the following offline conclusion was made [5]:
	Offline conclusion:
· In next meeting, RAN1 discusses whether or not to design a new default search space for Msg 2/3/4. 

· Following alternatives are considered while re-designing default search space of Msg 2/3/4:
· Alt A: Use symbol 0 : (X-1) in every slot within the window
· X is determined based on duration of Msg 2/3/4 CORESET

· Alt B: Use first symbol index symbol locations within a slot from RMSI search space, configured in MIB, but apply it in every slot
· In case there are multiple search spaces sets in a slot, (corresponding to different SSBs), a UE monitors only one is monitored
· FFS: Which one
· Alt 1: The search space set associated with SSB used for corresponding Msg1 transmission
· Alt 2: The search space with the smallest first symbol index within a slot
· Alt 3: search space depends on RA-RNTI
· Other alternatives are not precluded.
· How to handle the scenario when a search space overlaps in time with an actually transmitted SSB other than the SSB used for corresponding Msg1 transmission
· If a search space overlaps in time with UL part, the search space in that particular slot is invalid



With RMSI and SS/PBCH multiplexing pattern 1 there can be one or two starting symbols within a slot and correspondingly one or two search space sets per slot. With multiplexing pattern 2/3 there can be more than two starting symbols within a slot and correspondingly more than two search space sets per slot. Having more than one starting symbol and more than one search space set within a slot would provide better scheduling flexibility and higher RAR capacity from network point of view reducing the latency of the random access. Thus, in case there are multiple search space sets in a slot (corresponding to different SSBs) the search space set would be preferably associated with SSB index used for the corresponding Msg1 transmission. However, the network should be able to transmit RAR in any of the slots within the RAR window and thus Alt B – Alt 1 is not feasible as such. 
Observation 3: Having more than one starting symbol and more than one search space set within a slot would provide better scheduling flexibility and higher RAR capacity from network point of view reducing the latency of the random access.
Observation 4: The network should be able to transmit RAR in any of slots within the RAR window, i.e. Alt B – Alt 1 is not feasible as such.
[bookmark: _Hlk513363748]Preferred approach in case of multiple search spaces (Alt B) in a slot (two or more) is where UE monitors Msg2 search space in the first CORESET in case of Msg1 is associated to even SS/PBCH block index and in the second CORESET in case of Msg1 is associated to odd SS/PBCH block index. Furthermore, for the RMSI and SSB multiplexing patterns 2 and 3 it is seen preferable to define monitoring occasions for PDCCH for RAR scheduling to be in the beginning of the slot within a RAR window instead of following the monitoring occasions defined for PDCCH for RMSI scheduling where starting symbols can be {0, 1, 6, 7}, {0, 1, 2, 3, 0, 1, 12, 13} or {4, 8, 2, 6} depending on pattern, SCS combination and SSB index, respectively. Thus, we make the following proposals:
Proposal 4: For RMSI and SSB multiplexing pattern 1, the UE monitors PDCCH for RAR in all downlink slots within a RAR window in the first CORESET in case of Msg1 is associated to even SS/PBCH block index or even CSI-RS index (when PRACH preamble is associated to CSI-RS like in handover), and in the second CORESET in case of Msg1 is associated to odd SS/PBCH block index or odd CSI-RS index.
Proposal 5: For RMSI and SSB multiplexing patterns 2 and 3, the UE monitors PDCCH for RAR in all downlink slots within a RAR window and the starting symbol of the search space is given by
· 0, if SSB index or CSI-RS index is even to which PRACH preamble is associated
· 
, if SSB index or CSI-RS index is odd to which PRACH preamble is associated

where  is defined by pdcch-ConfigSIB1.

3	Conclusions
Related to the remaining issues of four-step random access procedure, the following observations and proposals are made:
On simultaneous transmission of PRACH and PUSCH/PUCCH/SRS in case of inter-band CA:
Observation 1: UE capability to transmit simultaneously may be per band combination.
Proposal 1: Define dropping and/or power scaling rules for the case the UE (capable of transmitting simultaneously on different carriers in inter-band CA case) is configured to transmit simultaneously PRACH and PUSCH/PUCCH/SRS:
1)	When PRACH and SRS are configured to be transmitted simultaneously drop SRS if the total transmit power would exceed the max allowed transmit power value
2)	When PRACH and PUCCH/PUSCH are configured to be transmitted simultaneously scale transmission power of PUCCH/PUSCH so that the total transmit power does not exceed the max allowed transmit power value

Timing of the TA adjustment relative to the TA command:
Proposal 2: The reference SCS of slot n+k and the time duration of (k-1) slots when UL and DL have different SCSs is minimum of DL SCS and UL SCS. 
Proposal 3: For a TA command in MAC-CE received on slot n, the corresponding adjustment of the uplink transmission timing shall apply from the beginning of slot
· n+6 for min(UL SCS, DL SCS)=15 kHz and min(UL SCS, DL SCS)=30 kHz
· n+9 for min(UL SCS, DL SCS)=60 kHz
· n+11 for min(UL SCS, DL SCS)=120 kHz

Msg3 PUSCH time domain resource assignment in RAR:
Observation 2: Msg3 PUSCH time domain resource assignment in RAR as provided in 6.1.2.1.1 of R1-1805796 [4] captures the intended behaviour.
Random Access default search space:
Observation 3: Having more than one starting symbol and more than one search space set within a slot would provide better scheduling flexibility and higher RAR capacity from network point of view reducing the latency of the random access.
Observation 4: The network should be able to transmit RAR in any of slots within the RAR window, i.e. Alt B – Alt 1 is not feasible as such.
Proposal 4: For RMSI and SSB multiplexing pattern 1, the UE monitors PDCCH for RAR in all downlink slots within a RAR window in the first CORESET in case of Msg1 is associated to even SS/PBCH block index or even CSI-RS index (when PRACH preamble is associated to CSI-RS like in handover), and in the second CORESET in case of Msg1 is associated to odd SS/PBCH block index or odd CSI-RS index.
Proposal 5: For RMSI and SSB multiplexing patterns 2 and 3, the UE monitors PDCCH for RAR in all downlink slots within a RAR window and the starting symbol of the search space is given by
· 0, if SSB index or CSI-RS index is even to which PRACH preamble is associated
· 
, if SSB index or CSI-RS index is odd to which PRACH preamble is associated

where  is defined by pdcch-ConfigSIB1.
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