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1	Introduction
Back to RAN4#83, it is agreed that the Random Access requirement should be captured in TS38.133 [1], in order to enable E-UTRA-NR Dual Connectivity (EN-DC), in which en-gNB acts as a SN, as shown below: 
	RRM requirements expected in TS38.133 for enabling dual connectivity option 3

	Types of requirements
	Functionalities
	Huawei
	Ericsson
	Agreement

	RRC Connection Mobility Control
	Random access
	Y
	Y
	Requirement is needed



Limited by the progress in other working groups, the RRM requirement for random access has yet to be fully discussed in RAN4, and this paper is intended to give the summary on RAN1 and RAN2 progress on random access, while provides the views for the corresponding impact on RAN4 RRM specification. 
In our accompanying paper [2], the text proposal to TS 38.133 is provided for technical endorsement. 

2 Summary on RAN1/2 Progress
2.1 RRC Events for Random Access from TS 38.300
Similar to LTE, the random access is initiated by a PDCCH order, by the MAC sublayer itself, or by the RRC sublayer, while the RRC events triggering the random access procedure are summarized as below, based on RAN2 email endorsement of TS38.300 v1.1.1 [3]:
	[bookmark: _Toc495409207]9.2.6	 Random Access Procedure
The random access procedure is triggered by a number of events, for instance:
-	Initial access from RRC_IDLE;
-	RRC Connection Re-establishment procedure;
-	Handover;
-	DL or UL data arrival during RRC_CONNECTED when UL synchronisation status is "non-synchronised";
-	Transition from RRC_INACTIVE;
-	Request for Other SI (see subclause 7.3).
Furthermore, the random access procedure takes two distinct forms: contention based and non-contention based as shown on Figure 9.2-1 below. Normal DL/UL transmission can take place after the random access procedure.
For initial access in a cell configured with SUL, the UE selects the SUL carrier if and only if the measured quality of the DL is lower than a broadcast threshold. Once started, all uplink transmissions of the random access procedure remain on the selected carrier.

	RAN2 should strive for as much commonality in random access procedure as possible across all use cases.
FFS whether the gNB can be provided with more information (compared to LTE) from the UE on the Msg.3 to provide.


			
(a)	Contention Based					(b)	Contention Free
Figure 9.2.5-1: Random Access Procedures
More details can be added like in LTE if required (once agreed).



Based on the above agreement, we have the following observation: 
Observation 1: Based on RAN2 agreement:
- Both 4-step contention-based and 3-step contention-free random access will be introduced in NR similar to E-UTRA. 
- The events triggering NR Random access procedure is similar to E-UTRA, except the following difference: (1) RA procedure is triggered by the transition from RRC_INACTIVE; (2) UEs’ (in RRC_IDLE and RRC_INACTIVE) Request for Other SI, i.e., the feature called “on-demand SI”. 

The random access procedure triggered by request for other SI is described as below in TS 38.300 [3]:
	

Figure 7.3-1: System Information Provisioning
For UEs in RRC_CONNECTED, dedicated RRC signalling is used for the request and delivery of the Other SI. For UEs in RRC_IDLE and RRC_INACTIVE, the request triggers a random access procedure (see subclause 9.2.6) and is carried over MSG3 unless the requested SI is associated to a subset of the PRACH resources, in which case MSG1 can be used. When MSG1 is used, the minimum granularity of the request is one SI message (i.e. a set of SIBs), one RACH preamble can be used to request multiple SI messages and the gNB acknowledges the request in MSG2. When MSG 3 is used, the gNB acknowledges the request in MSG4.
The Other SI may be broadcast at a configurable periodicity and for a certain duration. It is a network decision whether the other SI is broadcast or delivered through dedicated and UE specific RRC signalling.



2.2 Summary on RA Procedure
Same as LTE, the detailed random access procedure is captured in TS 38.321 [4], the following subsections are utilized to capture UE’s expected behaviors with corresponding RAN1/2 agreements. 

2.2.1 Random Access procedure initialization
Similar to LTE, random access procedure can be initialized by a PDCCH order, by the MAC entity itself or by RRC events listed in Section 2.1, and the random access on SCell can only be initialized by PDCCH order with the contention-free manner (i.e., ra-PreambleIndex different from 0b000000). 
In NR, multiple SS/PBCH block could be utilized, and from specification, UE will have the random access procedure on certain SS/PBCH blocks with certain SS-RSRP threshold satisfied. Therefore, in addition to LTE, this NW-configured threshold should be configured in the initialization procedure, i.e., 
	TS 38.321 [3]:
-	ssb-Threshold: an RSRP threshold for the selection of the SS block and corresponding PRACH resource;
Editor's note: RAN2 can discuss further whether ssb-Threshold is mandatory or not. Also, the case when multiple SS blocks are above the ssb-Threshold can be discussed later.

RAN1#90 (Aug) Chairman Notes: 
-    It is up to UE implementation how to select the SS block and corresponding PRACH resource for path-loss estimation and (re)transmission based on SS blocks that satisfy threshold(s)
-    If UE does not detect a SS block that satisfy threshold(s), it has the flexibility to select any SS block that allows UE to meet the target received power of the RACH preamble with its maximum transmit power



Observation 2: NR UE is required to have the random access procedure only on certain SS/PBCH blocks with the NW-configured SS-RSRP threshold satisfied.

To facilitate the feature “on-demand SI”, the set of Random Access Preamble for SI request and corresponding PRACH resources should be configured in the initialization procedure. 
Another difference is the newly introduced power ramping counter, PREAMBLE_POWER_RAMPING_COUNTER, and for TX beam switching for preamble retransmission, this power ramping counter will be unchanged, based on RAN1 agreement in as below: 
	RAN1#89 (May) Chairman Notes: 
-	If the UE conducts beam switching, the counter of power ramping remains unchanged



2.2.2 Random Access Resource selection
Alike LTE, the MAC entity will select the random access resources (e.g., PreambleIndex, PRACH occasion) based on pre-configured parameters and the particular scenarios, while in NR counterpart, the major difference comes from the RAN1 agreement as below (captured in R1-1716932): 
	R1-1716932: 
-	For initial access, threshold for SS block selection for RACH resource association is configurable by network, where the threshold is based on RSRP.
-	For contention-based random access, an association between an SS block in the SS burst set and a subset of RACH resources and/or preamble indices is configured by a set of parameters in RMSI. 



The first bullet is actually corresponding to the procedure mentioned in Section 2.2.1, i.e., UE select the SS/PBCH block which satisfies the NW-configured SS-RSRP threshold. For the second bullet, RAN1 agreement indicate the possible presence of the association between Random Access Preambles and SS/PBCH blocks is configured for contention based RA, the selection of ra-PreambleIndex should from the preambles associated with the selected SS/PBCH block.
Furthermore, based on our understanding, if multiple SS/PBCH blocks can satisfy the NW-configured SS-RSRP threshold simultaneously, it is up to UE implementation to select SS blocks, which may also related to changing SS/PBCH blocks as described as following.
For contention-based RA, when UE is determining the next available PRACH occasion, RAN1’s agreement also indicate that the association between SS/PBCH block and a subset of RACH resources should be satisfied also. 
The related procedure is capture in below MAC specification: 
	TS 38.321 [3]:
2>	if the association between Random Access Preambles and SS blocks is configured:
3>	select a ra-PreambleIndex randomly with equal probability from the random access preambles associated with the selected SS block and the selected group;
2>	else:
3>	select a ra-PreambleIndex randomly with equal probability from the random access preambles within the selected group;
2>	set the PREAMBLE_INDEX to the selected ra-PreambleIndex;
1>	if the association between PRACH occasions and SS blocks is configured:
2>	determine the next available PRACH occasion from the PRACH occasions corresponding to the selected SS block;




Generally, the above mentioned association help gNB to determine which TX beam should be utilized in Msg2, regardless of whether TX/RX beam correspondence is available or not at gNB side. 
Observation 3: For contention-based random access, an association between an SS/PBCH block in the SS burst set and a subset of RACH resources and/or preamble indices is configured, which could be utilized to facilitate gNB TX beam selection in Msg2, regardless of whether TX/RX beam correspondence is available or not at gNB side.

2.2.3 Random Access Preamble transmission
The procedure of NR random access preamble transmission is similar to LTE, expect that UE TX beam selection and beam switching should be up to UE implementation, as captured in RAN1 #88Bis (April) Chairman Note:
	RAN1 #88Bis (April) Chairman Note:
- Whether UE performs UL Beam switching during retransmissions is up to UE implementation
Note: which beam UE switches to is up to UE implementation


In other words, the UE TX/RX beam correspondence (if exists) could be utilized for TX beam selection, and beam switching could be utilized by UE as long as the requirement on power ramping counter and preamble transmission counter can be satisfied. 
Another noticeable point is multiple preamble transmission is introduced in RAN1, and the original intention is to allow UE to transmit preamble on different TX beam, which allow the case in which UE don’t not hold the TX/RX beam correspondence. However, it should be noted that RAN1 has deprioritized the support of multiple Msg1 transmissions to next year, and the corresponding mechanism related to RAN4 specification could be added and/or improved if RAN1 reach the agreement. 
Observation 4: Single RACH preamble transmission could be utilized if UE TX/RX beam correspondence exists; while multiple RACH preamble transmission is deprioritized by December for the case where UE does not hold the beam correspondence.

2.2.4 Random Access Response reception
As mentioned above, due the introduced feature “On-demand SI”, the Random Access Response could only include RA preamble ID, which indicate that NW has received the SI-request from this UE, as below: 
	TS 38.321 [3]:
2>	if the Random Access Response reception is considered successful:
3>	if the Random Access Response includes RAPID only:
4>	consider this Random Access procedure successfully completed;
4>	indicate the reception of an acknowledgement for the SI-request to upper layers;


Observation 5: The expected UE behavior for On-demand SI request is different, i.e., the Random Access Response includes RAPID only for this case, and UE should monitor Other SI transmission afterwards. 

Similar to LTE, the procedure of contention-based and contention-free random access’s RAR reception is defined. It should be noted that the RAN2 specification has not yet been finalized due to the mechanism of power ramping suspension, which could be added later. However, for RAN4 specification, the related procedure for not successful RAR is completed already, which is similar to LTE. 
Observation 6: Though the reception of multiple RACH transmissions’ response and power ramping suspension mechanism have not been completed yet, the RAN4 specification related procedures for RAR reception are completed.

2.2.5 Contention Resolution
Similar to LTE, Contention Resolution is still based on either C-RNTI on PDCCH of the SpCell or UE Contention Resolution Identity on DL-SCH. Given C-RNTI is provided before or the necessity of transferring Temporary C-RNTI to C-RNTI, the contention resolution procedure is defined for contention-based random access. 
Pending on the RAN’s input on power ramping suspension mechanism, the detailed behavior for power ramping counter could be refined. 

3 Impact on RAN4 Specification
Based on the above analysis, the following major changes (compared with the requirement in TS36.133) should be reflected in TS 38.133, as summarized below: 
	C1. The RACH transmission absolute power accuracy and relative power accuracy should be based on TS 38.101-1 and TS 38.101-2, for FR1 and FR2 respectively. 

	C2. Correct behaviour when transmitting Random Access Preamble for contention based random access: 
Based on UE’s selection of SS/PBCH block and if the association is provided between the random access preambles and the selected SS/PBCH block, UE’s behavior of random access preamble selection should be specified. 
Based on UE’s selection of SS/PBCH block and if the association is provided between the PRACH occasions and the selected SS/PBCH block, UE’s behavior of random access preamble transmission on the correct occasion should be specified. 

	C3. Correct behaviour when transmitting Random Access Preamble for non-contention based random access: 
Based on UE’s selection of SS/PBCH block and if the association is provided between the PRACH occasions and the selected SS/PBCH block, UE’s behavior of random access preamble transmission on the correct occasion should be specified.

	C4. Correct behaviour when receiving Random Access Response for non-contention based random access:
UE’s behavior should be discriminated by whether the RA is triggered by Other SI request form UE. 
If no, the expected behavior should be similar to LTE’s counterpart, while if yes, the expected behavior should be defined separately. 



4 Conclusion
In this paper, we give the summary on RAN1 and RAN2 progress on random access, while provides the views for the corresponding impact on RAN4 RRM specification, with the following observations provided: 
Observation 1: Based on RAN2 agreement:
- Both 4-step contention-based and 3-step contention-free random access will be introduced in NR similar to E-UTRA. 
- The events triggering NR Random access procedure is similar to E-UTRA, except the following difference: (1) RA procedure is triggered by the transition from RRC_INACTIVE; (2) UEs’ (in RRC_IDLE and RRC_INACTIVE) Request for Other SI, i.e., the feature called “on-demand SI”. 
Observation 2: NR UE is required to have the random access procedure only on certain SS/PBCH blocks with the NW-configured SS-RSRP threshold satisfied.
Observation 3: For contention-based random access, an association between an SS/PBCH block in the SS burst set and a subset of RACH resources and/or preamble indices is configured, which could be utilized to facilitate gNB TX beam selection in Msg2, regardless of whether TX/RX beam correspondence is available or not at gNB side.
Observation 4: Single RACH preamble transmission could be utilized if UE TX/RX beam correspondence exists; while multiple RACH preamble transmission is deprioritized by December for the case where UE does not hold the beam correspondence.
Observation 5: The expected UE behavior for On-demand SI request is different, i.e., the Random Access Response includes RAPID only for this case, and UE should monitor Other SI transmission afterwards. 
Observation 6: Though the reception of multiple RACH transmissions’ response and power ramping suspension mechanism have not been completed yet, the RAN4 specification related procedures for RAR reception are completed.
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And the proposed major changes (compared with the requirement in TS36.133) as below:

	C1. The RACH transmission absolute power accuracy and relative power accuracy should be based on TS 38.101-1 and TS 38.101-2, for FR1 and FR2 respectively. 

	C2. Correct behaviour when transmitting Random Access Preamble for contention based random access: 
Based on UE’s selection of SS/PBCH block and if the association is provided between the random access preambles and the selected SS/PBCH block, UE’s behavior of random access preamble selection should be specified. 
Based on UE’s selection of SS/PBCH block and if the association is provided between the PRACH occasions and the selected SS/PBCH block, UE’s behavior of random access preamble transmission on the correct occasion should be specified. 

	C3. Correct behaviour when transmitting Random Access Preamble for non-contention based random access: 
Based on UE’s selection of SS/PBCH block and if the association is provided between the PRACH occasions and the selected SS/PBCH block, UE’s behavior of random access preamble transmission on the correct occasion should be specified.

	C4. Correct behaviour when receiving Random Access Response for non-contention based random access:
UE’s behavior should be discriminated by whether the RA is triggered by Other SI request form UE. 
If no, the expected behavior should be similar to LTE’s counterpart, while if yes, the expected behavior should be defined separately. 
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