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1	Introduction
In this paper, we discuss some of the remaining issues in a RACH procedure. Specifically, we first discuss whether non-slot based transmission should be supported for Msg2, Msg3, and Msg4 transmission. We then raise the question about whether the maximum timing advance should be considered when specifying the minimum timing gap between Msg2 reception and Msg3 transmission. In addition, we illustrate how to indicate the information of detected preambles via RA-RNTI and RAR design. Finally, we share our views on CORESET configuration for PDCCHs in the 4-step RACH. 
2	Non-slot based transmission of Msg2 to Msg4
At RAN1 NR AH#3 meeting, it was agreed that Msg2, Msg3 and Msg4 are transmitted in a slot-based manner. Moreover, companies are encouraged to check whether the ITU requirement can be met by slot-based transmission. 
	Agreements:
· NR supports at least slot based transmission of Msg2, Msg3 and Msg4
· Check if slot based scheduling can satisfy ITU requirement. If not, investigate ways to meet ITU requirement, e.g., non-slot based transmission of Msg2, Msg3 and Msg4



The ITU requirement mentioned in the above agreement refers to the control plane latency (C-plane latency) which is defined as “Control plane latency refers to the time to move from a battery efficient state (e.g., IDLE) to start of continuous data transfer (e.g., ACTIVE).” While the C-plane latency of ITU requirement is 20ms, a more aggressive 10ms target is set by 3GPP and encouraged by ITU for new radio (NR) interfaces [1, 2].
The C-plane latency is reduced from 80ms in LTE to 50ms in LTE-A by means of (1) combining RRC Connection Request and NAS Service Request, (2) reducing processing delays, and (3) reducing RACH scheduling period [3]. Note processing time rather than the over-the-air transmission time dominates the total transition time from Idle to Connected mode in both LTE and LTE-A. To be more precise, the processing time is about 75% of the 80ms transition time in LTE. And even after processing time reduction, it is still about 66% of the 50ms transition time in LTE-A. If we want to satisfy the NR C-plane latency target, we should focus on how to reduce (1) the number of RRC signaling transactions and (2) the processing time. In response to the first approach, a new RRC state called RRC_INACTIVE is introduced to meet the more aggressive C-plane latency requirement [4]. In [4], it says 
“A UE in RRC_INACTIVE should incur minimum signalling to fulfil the control latency requirement [1] and minimise power consumption comparable to LTE RRC_IDLE and resource costs in the RAN/CN making it possible to maximise the number of UEs utilising and benefiting from this state.”
However, there is little progress on CP signaling design for the inactive state because data transmission in RRC inactive state is postponed to Rel-16. As to the second approach about processing time reduction, UE processing time is specified in TS 36.331 for LTE and the minimum value is 15ms. However, in NR, the minimum UE processing time is not yet specified. Strictly speaking, the C-plane latency for NR cannot be analyzed at this point due to the lack of the above two factors in this release.  Fortunately, the IMT-2020 final submission is based on Rel-16 instead of Rel-15. Therefore, we should focus on resolving other remaining issues in the RACH procedure. As to the C-plane latency requirement, we can revisit it in Rel-16 when the minimum processing time and the protocol for data transmission from Inactive mode are both more clearly specified. 
[bookmark: _Ref494725900]Observation 1: Processing time instead of the over-the-air transmission time dominates the transition time from Idle to Connected mode in both LTE and LTE-A.  
[bookmark: _Ref494725944]Observation 2: RRC_INACTIVE mode is introduced in NR to fulfil the control plane latency requirement. However, data transmission from Inactive mode is not yet well defined in Rel-15. 
[bookmark: _Ref494725953]Observation 3: The IMT-2020 final submission is based on Rel-16 instead of Rel-15. 
[bookmark: _Ref494725981]Proposal 1: Regarding control plane latency reduction, NR should prioritize the reduction of processing time and the number of RRC signaling transactions over the reduction of over-the-air transmission time. 
[bookmark: _Ref494725992]Proposal 2: Discussion on control plane latency reduction can be postponed to Rel-16 when RRC_INACTIVE mode and the minimum processing time are more clearly defined. 
To provide some preliminary results of NR C-plane latency analysis for discussion at this meeting, the processing time in NR is assumed to be 1/4 to 1/2 of that in LTE-A and is shown in red color in Table 1. Moreover, for a UE in the RRC_INACTIVE state, its UE context is stored in eNB. Therefore, NAS signaling is not required and only RRC connection needs to be resumed. Figure 1 shows the steps we assume for a UE to transit from RRC_INACTIVE mode to RRC_CONNECTED mode for continuous data transmission. Please notice since the data transmission mechanism is not yet discussed for RRC_INACTIVE mode, we can only make the assumption that its procedure would be similar to that of a RRC resume procedure. The corresponding transition time analysis is provided Table 1. With the introduction of RRC_INACTIVE mode, the C-plane latency can be reduced from 50ms in LTE-A [3] to 34.5ms specified as Alt.1 in the third column in Table 1. When we further assume the processing time at both UE and eNB can be significantly reduced in NR compared with that in LTE-A, the transition time can be further reduced from 34.5ms to 15.5ms specified as Alt.2 in the fourth column without changing the TTI duration. In Alt.3 shown in the fifth column, we assume 7-symbol non-slot based transmission is applied to reduce the over-the-air transmission time during the transition procedure, the total latency is only saved by 1.5ms compared with Alt.2. On the other hand, when the simplified 2-step RACH [5] is applied to reduce the number of RRC signaling transactions and hence the required processing time, the total latency is only 9.5ms which meets the aggressive 10ms C-plane latency target set by 3GPP. Compared with the non-slot based transmission, the simplified 2-step RACH can reduce the C-plane latency more effectively and hence should be considered in Rel-16 when discussing C-plane latency reduction.  
[image: ]Saved by Simplified 2-step RACH [5]

[bookmark: _Ref494549210]
[bookmark: _Ref494729831][bookmark: _Ref494549365]Figure 1: From Inactive to Connected mode

[bookmark: _Ref494723707][bookmark: _Ref494723682]Table 1: Transition time from Inactive to Connected mode
	Step
	Description
	Alt.1: TTI=1ms with LTE processing time (e.g. SCS=15kHz, 14-symbol subframe)
	Alt.2: TTI=1ms with NR processing time (e.g. SCS=15kHz, 14-symbol slot)
	Alt.3: TTI=0.5 ms with NR processing time (e.g. SCS=15kHz, 7-symbol mini-slot)
	Alt.4: Simplified 2-step RACH with NR processing time and TTI=1ms (e.g. SCS=15kHz, 14-symbol slot)

	1 
	PRACH waiting (per TTI PRACH) 
	0.5
	0.5
	0.5
	0.5

	2 
	Preamble Tx 
	1
	1
	1
	1

	3 
	Processing in eNB
	2
	1
	1
	N/A

	4 
	RAR Tx
	1
	1
	0.5
	N/A

	5 
	UE Processing Delay 
	5
	3 (Note 1)
	3 (Note 1)
	N/A

	6
	RRC Resume Request Tx
	1
	1
	0.5
	N/A

	7 
	Processing Delay in eNB (L2 and RRC) 
	4
	1
	1
	1

	13
	Processing Delay in eNB
	4
	1
	1
	1

	14 
	RRC Resume Tx 
	1
	1
	0.5
	1

	15
	UE Processing Delay (L2 and RRC)
	15
	5
	5
	5

	
	Total time (ms)
	34.5ms
	15.5ms
	14ms
	9.5ms

	Note1: The 3ms timing gap between Msg2 reception and Msg3 transmission includes UE processing time for Msg2 decoding, RAR reading and Msg3 generation, and the maximum timing advance value supported by NR-PRACH preamble formats.



[bookmark: _Ref494725961]Observation 4: Non-slot based transmission provides limited improvement on C-plane latency reduction if processing time and RRC signaling transaction is not reduced. 
[bookmark: _Ref494726000]Proposal 3: More promising approaches such as the simplified 2-step RACH can provide more latency reduction than non-slot based transmission and hence should be investigated when C-plane latency reduction is discussed. 

3	Msg2 and Msg3 timing gap
	Agreements:
· Msg3 is scheduled by the uplink grant in RAR
· Msg3 is transmitted after a minimum time gap from the end of Msg2 over-the-air reception 
· gNB has the flexibility to schedule the transmission time of Msg3 while ensuring the minimum time gap
· FFS the minimum time gap w.r.t. UE processing capability



In Step 5 of Table 1, the 3ms processing delay is assumed based on the maximum timing advance value among all NR PRACH preamble formats which is about 667.7usec to cover a 100km cell (LTE format2 and NR format1). However, for other 13 preamble formats supported in NR, the target cell coverage is much less 100km and hence the corresponding TA values can be much smaller than 667.7usece. Preamble format C2 has the largest cell radius among all preamble formats with short sequence. However, even with preamble format C2, its cell radius is only about 1/10 of the target cell radius with NR preamble format 1. Therefore, the maximum TA values for different preamble formats (or different cell sizes) can be very different.  
[bookmark: _Ref494726135]Observation 5: The maximum TA values covered by different PRACH preamble formats in NR can be very different. 
[bookmark: _Ref494726146]Proposal 4: NR shall discuss whether the maximum TA value among all preamble formats is taken into account when specifying the minimum timing gap between Msg2 reception and Msg3 transmission. 
 
4	RA-RNTI and RAR design
At RAN1 #90 meeting, it was agreed that the RAR window size starts in a fixed duration, X T_s, from the end of a RACH transmission occasion, and X is the same for all RACH occasions. Similarly, the size of RAR window the same for all RACH occasions while it is configurable by the network.
	Agreements: (RAN1 #90)
· At least for initial access, RAR is carried in NR-PDSCH scheduled by NR-PDCCH in CORESET configured in RACH configuration
· Note: CORESET configured in RACH configuration can be same or different from CORESET configured in NR-PBCH
· For single Msg1 RACH, the RAR window starts from the first available CORESET after a fixed duration from the end of Msg1 transmission
· The fixed duration is X T_s
· X is the same for all RACH occasions
· For a single Msg1 RACH from UE,
· The size of a RAR window is the same for all RACH occasions and is configured in RMSI
· RAR window could accommodate processing time at gNB. 
· Maximum window size depends on worst case gNB delay after Msg1 reception including processing delay, scheduling delay, etc.
· Minimum  window size depends on duration of Msg2 or CORESET and scheduling delay
· FFS: multiple Msg1 RACH case if supported



After UEs transmit preambles, if any of them are detected by the NW, UEs should be able to tell which preambles on which RACH time-frequency resources have been detected by NW by the end of RAR reception and decoding/parsing. In other words, the preamble index and the time-frequency resource of a detected preamble should be indicated in some ways during the process of RAR reception and/or explicitly carried by RAR. To be more specific, it can be indicated by non-overlapping RAR windows, non-overlapping CORESETs for RAR, RA-RNTI, and RAR content. In LTE, the time-frequency resource of a detected preamble is indicated by RA-RNTI for preambles from RACH resources within the same radio frame. For preambles from RACH resources from different radio frames, they are distinguished by non-overlapping RAR windows where the maximum RAR window size is not greater than 10ms. The generic rule is that when preambles from two different time-frequency RACH resources are distinguished by two non-overlapping RAR windows, the RAR window size cannot exceed the time duration between these two RACH time-frequency resources.
[bookmark: _Ref492963300][bookmark: _Ref492970169]Observation 6: We can indicate the information of the time-frequency resource of a detected preamble by non-overlapping RAR windows, non-overlapping CORESETs for RAR, RA-RNTI, and RAR content.
With the introduction of control resource sets (CORESETs) in NR, non-overlapping CORESETs can be used to distinguish preambles associated with different SS blocks or transmitted from different RACH time-frequency resources. For example, in Figure 2, even the RAR windows corresponding to RO#1 and RO#2 are overlapping, UE1 and UE2 can still use the same RA-RNTI and receive the correct RARs without any ambiguity as long as their CORESETs for scheduling RARs are disjoint. However this requires dedicated CORESETs regions for different RACH time-frequency resources that correspond to same or overlapping RAR windows and same RA-RNTI values. It is hence not resource efficient to use distinct CORESETs to distinguish preambles from different time-frequency resources or associated with different SS blocks.
[bookmark: _Ref492970177]Observation 7: Network sacrifices its configuration and scheduling flexibility when it applies non-overlapping RAR windows and/or CORESETs to indicating the information of the time-frequency resource of a detected preamble.
[bookmark: _Ref492970195]Proposal 5: NR should apply RA-RNTI and RAR content rather than non-overlapping RAR windows and non-overlapping CORESETs to distinguishing detected preambles from RACH time-frequency resources within the same radio frame for the sake of configuration and scheduling flexibility.



[bookmark: _Ref492959799]Figure 2: An example of RACH resource allocation, preamble transmissions, and RAR windows with beam correspondence at gNB. Non-overlapping CORESETs within overlapped RAR windows can be used to distinguish preambles transmitted from different RACN transmission occasions or associated with different SS blocks.

Since it constrains the scheduling and configuration flexibility by using non-overlapping RAR windows and CORESETs for this indication purpose, it is more preferable to use RA-RNTI and RAR content instead. Besides, RAR content can be complimentary to RA-RNTI. Taking LTE for example, the time and frequency information is carried by RA-RNTI through the equation, , while the preamble information can be found in the RAPID field in the RAR content.   
[bookmark: _Ref492963308][bookmark: _Ref492970185]Observation 8: RAR content can carry information that is complementary to that carried by RA-RNTI to indicate which preamble on which RACH time-frequency resource that has been detected. 

As to whether information of SS block indices should be taken into account or not in the RA-RNTI design for NR, it depends on how RAPID field is defined in the RAR content. Figure 3 illustrates an example that subsets of RACH preambles associated with different SS blocks are CDMed to each other on the same RACH occasion. In this case, if RAPID is still defined as the preamble index on a physical RACH time-frequency, then there would be some redundant information when SS block indices are used for in the RA-RNTI equation. However, if we change the definition of RAPID in RAR content to the preamble index within the subset of RACH preambles/resources associated with one SS block, then there is no duplicated information between RA-RNTI and RAR content. If we assume the number of preambles associated with each SS block is 16, then the RAPID size only needs 4bits. However, if we want to allocate more preambles for each SS block, then the number of bits for RAPID should be increased accordingly. For example, if two RACH occasions are associated with one SS blocks and if there are 64 preambles on each RACH occasion, the size of RAPID becomes 7bits. The size of RAPID limits the maximum number of preambles that one SS block can be associated with if RA-RNTI is determined by SS block indices.  
[bookmark: _Ref492970364][bookmark: _Ref494793353]Proposal 6: If SS block indices are considered in RA-RNTI design, the definition of RAPID in RAR should be modified accordingly to be the preamble index within the subset of RACH preambles indices/time-frequency resources associated with one SS block. 
[bookmark: _Ref494794655]Observation 9: The size of RAPID limits the maximum number of preambles that one SS block can be associated with if RA-RNTI is determined by SS block indices.
[bookmark: _Ref494793364]Proposal 7: Neither SS block indices nor PRACH resource group indices should be taken into consideration in determining RA-RNTI. 
[bookmark: _Ref494794669]Proposal 8: NR defines the size of RAPID in RAR as 6 bits which implies 64 preambles available on a RACH occasion. 
[bookmark: _Ref494794679]Proposal 9: The number of preambles on a RACH occasion can be increased for UL synchronous contention-free RACH use cases such as beam recovery request. The response to a beam recovery request should be identified by a UE-specific identity such as C-RNTI so that the size of RAPID does not limit the number of preambles available for beam recovery request resources.  


[bookmark: _Ref492960116]Figure 3: An example RACH resource allocation, preamble transmissions, and RAR windows without beam correspondence at gNB where we assume RACH resources associated with different SS blocks are CDMed to each other.

	Finally, as we have pointed in Observation 8 that RAR can be complimentary to RA-RNTI regarding this indication purpose, information is not carried by RA-RNTI can be carried by RAR. In LTE,  where  is the subframe number in a radio frame and ranges from 0 to 9. In NR, the definition of   should be changed to either the slot number or symbol number within a radio frame. In fact, it can be defined as the RACH occasion (RO) number within a radio frame as well which would demand fewer values for RA-RNTI than the case when the symbol number in a radio frame is used for RA-RNTI. If the symbol number in a radio frame is used for RA-RNTI calculation, then the RA-RNTI value range could be large. With SCS=480 kHz, the total number of symbols in a radio frame is 320 slots/frame 14 symbols/slot = 4480 which is larger than  already. If we further consider the possibility to increase the number of RACH resources in the frequency dimension, say as it is in LTE, then the maximum number of RA-RNTI can be up to  which is larger than ! 
[bookmark: _Ref492970307]Observation 10: The number of required RA-RNTI values can be incredibly large if we use the symbol number in a radio frame for RA-RNTI design. 
A more RA-RNTI-value-efficient design would be using the RO index in a radio frame for RA-RNTI design. Given a RACH configuration index, UE can derive the index of the RACH occasion within a radio frame that it has selected for preamble transmission. In NR with multi-beam operations, it is less preferable to duplicate RACH resources in the time dimension than in the frequency dimension when we have to handle high PRACH loading. Therefore, we can expect the required number of RA-RNTI values can be significantly reduced when the RO index is used instead of the symbol index within a radio frame. If we assume the maximum number of RACH occasions in the time dimension within a radio frame is 64 corresponding to the maximum number of SS blocks and again  then the required number of RA-RNTI values becomes  which is less than  . This approach can be applied to cases when preamble formats with long sequence are considered as well.  
[bookmark: _Ref492970316]Observation 11: Using the RACH occasion (RO) index in a radio frame for RA-RNTI design can significantly reduce the required number of RA-RNTI values compared with using the symbol number in a radio frame.  

Still another alternative is that we take the slot number in a radio frame for RA-RNTI design. If we again assume SCS=480 kHz and  , then there are 320 slots in a radio frame and hence the maximum required number of RA-RNTI values is  which is less than . In this design, if there are more than one RACH occasion within a slot, RAR can be used to indicate which RACH occasion within the slot the detected preamble is transmitted from. Similarly, if the subframe number in a radio frame is used for RA-RNTI design as it is in LTE, then RAR should be used as a supplement to RA-RNTI so that the information of the RACH time-frequency resource of the detected preamble is completely indicated. 
[bookmark: _Ref492970322]Observation 12: The required number of RA-RNTI values is more reasonable when we use the slot or subframe number instead of the symbol number within a radio frame to design RA-RNTI. 

Table 2: Comparison among alternatives for RA-RNTI and RAR design for the purpose of indicating the information of detected preambles. We have assumed the time duration considered is a 10ms radio frame, the numerology is 480 kHz, and there are six copies of RACH resources in the frequency dimension, i.e. .
	
	Definition of time index in RA-RNTI design
	Maximum number of RA-RNTI values with SCS=480 kHz and 
	Information to be carried by RAR content besides preamble index

	Alt.1
	The symbol number in a radio frame
	 (larger than )
	None

	Alt.2
	The RACH occasion (RO) index in a radio frame
	 (less than )
(assuming 64 ROs in the time dimension)
	None

	Alt.3
	The slot number in a radio frame
	 (less than )
	RO or symbol index within the slot

	Alt.4
	The subframe number in a radio frame
	60 
(LTE design)
	Slot number within a subframe, and RO or symbol index within the slot



[bookmark: _Ref492970371]Proposal 10: In NR, the definition (granularity) of time index in the RA-RNTI design can be defined as one of the following: the subframe number, the slot number, the symbol number and the RACH occasion index within a radio frame.  
[bookmark: _Ref492970377]Proposal 11: When the time index in the RA-RNTI formula is defined as the slot number or the subframe number in a radio frame, RAR can be used to indicate which RACH occasion within the slot or subframe the detected preamble is transmitted from when more than one RACH occasion is allocated.

5	CORESET configuration for RACH  
In the 4-step RACH procedure, PDCCH is used for scheduling Msg2 (RAR), Msg3 retransmission, and Msg4. In LTE, the PDCCH for scheduling Msg2 is scrambled by RA-RNTI and is transmitted on the common search space. And Msg3 retransmission and Msg4 are scheduled by PDCCH that is scrambled by temporary C-RNTI and can be transmitted on both common and UE-specific search spaces. The control resource set, CORESET, is introduced in NR to describe the time-frequency resource used by the downlink control channel, PDCCH. Based on current NR agreements, a CORESET can be configured at least by system information or UE-specific higher layer signalling and other methods are not precluded. Since UE-specific signalling is not available before RRC connection is established, CORESETs for PDDCHs in initial access including RACH cannot be configured by UE-specific higher layer signalling. Regarding Msg2 scheduling, UE is asked to monitor a RAR window for a configurable number of subframes in LTE. Hence, PDCCH to schedule RAR shall hence be transmitted in a relatively continuous manner. In other words, the periodicity of CORESET for PDCCH for RAR shall be as small as possible so that the RACH procedure can be completed in a reasonable time duration.
[bookmark: _Ref490295705][bookmark: _Ref490299422]Observation 13: In initial access when RRC connection is not yet established, CORESET used for PDCCH in RACH cannot be configured by UE-specific higher layer signaling.
[bookmark: _Ref490048735][bookmark: _Ref490299369]Proposal 12: The periodicity of CORESET for RAR shall be as small as possible so that the RACH procedure can be completed with a reasonable access latency.



6	Conclusion
In this paper, we address four remaining issues related to Msg2 to Msg4 in the 4-step RACH procedure. Specifically, we discuss whether non-slot based transmission should be supported for Msg2, Msg3, and Msg4. We then raise a question about specifying the minimum timing gap between Msg2 reception and Msg3 transmission. Moreover, we illustrate how to calculate RA-RNTI for NR especially when multi-beam operations are considered. Finally we share our views on CORSET configurations for PDCCHs in RACH for Msg2, Msg3 reTx and Msg4 scheduling.

Regarding the question whether non-slot based transmission should be supported for Msg2, Msg3 and Msg4 transmission, we make the following observations and proposals:
Observation 1: Processing time instead of the over-the-air transmission time dominates the transition time from Idle to Connected mode in both LTE and LTE-A.
Observation 2: RRC_INACTIVE mode is introduced in NR to fulfil the control plane latency requirement. However, data transmission from Inactive mode is not yet well defined in Rel-15.
Observation 3: The IMT-2020 final submission is based on Rel-16 instead of Rel-15.
Proposal 1: Regarding control plane latency reduction, NR should prioritize the reduction of processing time and the number of RRC signaling transactions over the reduction of over-the-air transmission time.
Proposal 2: Discussion on control plane latency reduction can be postponed to Rel-16 when RRC_INACTIVE mode and the minimum processing time are more clearly defined.
Observation 4: Non-slot based transmission provides limited improvement on C-plane latency reduction if processing time and RRC signaling transaction is not reduced.
Proposal 3: More promising approaches such as the simplified 2-step RACH can provide more latency reduction than non-slot based transmission and hence should be investigated when C-plane latency reduction is discussed.

As to the minimum timing gap between Msg2 reception and Msg3 transmission, we make the following observation and proposal:
Observation 5: The maximum TA values covered by different PRACH preamble formats in NR can be very different.
[bookmark: _GoBack]Proposal 4: NR shall discuss whether the maximum TA value among all preamble formats is taken into account when specifying the minimum timing gap between Msg2 reception and Msg3 transmission.

With regard to the question how to indicate time-frequency information of the detected preambles, we make the following observations and proposals:
Observation 6: We can indicate the information of the time-frequency resource of a detected preamble by non-overlapping RAR windows, non-overlapping CORESETs for RAR, RA-RNTI, and RAR content.
Observation 7: Network sacrifices its configuration and scheduling flexibility when it applies non-overlapping RAR windows and/or CORESETs to indicating the information of the time-frequency resource of a detected preamble.
Proposal 5: NR should apply RA-RNTI and RAR content rather than non-overlapping RAR windows and non-overlapping CORESETs to distinguishing detected preambles from RACH time-frequency resources within the same radio frame for the sake of configuration and scheduling flexibility.
Observation 8: RAR content can carry information that is complementary to that carried by RA-RNTI to indicate which preamble on which RACH time-frequency resource that has been detected.
Proposal 6: If SS block indices are considered in RA-RNTI design, the definition of RAPID in RAR should be modified accordingly to be the preamble index within the subset of RACH preambles indices/time-frequency resources associated with one SS block.
Observation 9: The size of RAPID limits the maximum number of preambles that one SS block can be associated with if RA-RNTI is determined by SS block indices.
Proposal 7: Neither SS block indices nor PRACH resource group indices should be taken into consideration in determining RA-RNTI.
Proposal 8: NR defines the size of RAPID in RAR as 6 bits which implies 64 preambles available on a RACH occasion.
Proposal 9: The number of preambles on a RACH occasion can be increased for UL synchronous contention-free RACH use cases such as beam recovery request. The response to a beam recovery request should be identified by a UE-specific identity such as C-RNTI so that the size of RAPID does not limit the number of preambles available for beam recovery request resources.
Observation 10: The number of required RA-RNTI values can be incredibly large if we use the symbol number in a radio frame for RA-RNTI design.
Observation 11: Using the RACH occasion (RO) index in a radio frame for RA-RNTI design can significantly reduce the required number of RA-RNTI values compared with using the symbol number in a radio frame.
Observation 12: The required number of RA-RNTI values is more reasonable when we use the slot or subframe number instead of the symbol number within a radio frame to design RA-RNTI.
Proposal 10: In NR, the definition (granularity) of time index in the RA-RNTI design can be defined as one of the following: the subframe number, the slot number, the symbol number and the RACH occasion index within a radio frame.
Proposal 11: When the time index in the RA-RNTI formula is defined as the slot number or the subframe number in a radio frame, RAR can be used to indicate which RACH occasion within the slot or subframe the detected preamble is transmitted from when more than one RACH occasion is allocated.
	
Finally, for the CORESET configuration for RACH, we make the following observation and proposal:
Observation 13: In initial access when RRC connection is not yet established, CORESET used for PDCCH in RACH cannot be configured by UE-specific higher layer signaling.
Proposal 12: The periodicity of CORESET for RAR shall be as small as possible so that the RACH procedure can be completed with a reasonable access latency.
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Appendix: Control plane latency analysis from Idle to Connected mode in LTE-Advanced


Figure 4: From Idle to Connected mode

Table 3: Transition time from Idle to Connected mode
	Component
	Description
	Time (ms)

	1
	Average delay due to RACH scheduling period (1ms RACH cycle)
	0.5

	2
	RACH Preamble
	1

	3-4
	Preamble detection and transmission of RA response (Time between the end RACH transmission and UE’s reception of scheduling grant and timing adjustment)
	3

	5
	UE Processing Delay (decoding of scheduling grant, timing alignment and C-RNTI assignment + L1 encoding of RRC Connection Request)
	5

	6
	Transmission of RRC and NAS Request
	1

	7
	Processing delay in eNB (L2 and RRC)
	4

	8
	Transmission of RRC Connection Set-up (and UL grant)
	1

	9
	Processing delay in the UE (L2 and RRC)
	12

	10
	Transmission of RRC Connection Set-up complete
	1

	11
	Processing delay in eNB (Uu → S1-C)
	

	12
	S1-C Transfer delay
	

	13
	MME Processing Delay (including UE context retrieval of 10ms)
	

	14
	S1-C Transfer delay
	

	15
	Processing delay in eNB (S1-C → Uu)
	4

	16
	Transmission of RRC Security Mode Command and Connection Reconfiguration (+TTI alignment)
	1.5

	17
	Processing delay in UE (L2 and RRC)
	16

	
	Total delay
	50
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