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1. Introduction
The Rel-18 NR RF requirements enhancement for frequency range 2 (FR2), Phase 3 WI include the following objectives for defining UE beam correspondence requirements for RRC_INACTIVE and initial access. 

	Beam correspondence requirements for RRC_INACTIVE and initial access
· Specify UE beam correspondence requirements for initial access and RRC_INACTIVE state, for SSB-based beam correspondence without UL beam sweeping [RAN4 RF]
· For RRC_INACTIVE specify at least requirements for Random Access SDT and Configured Grant SDT
· Requirements for other transmission within RRC_INACTIVE state are not precluded.
· [bookmark: _Hlk110603992]For initial access, specify requirements and verification of beam correspondence requirements based on msg1 spherical coverage (at least) 
· Study the potential impact on testability aspects (i.e., test time).




In RAN4#104e, we conclude on three topics in the WF. In this contribution we deal with the second topic: 

	2. Sub-topic 2: Beam Correspondence Requirements
Possible options for each sub-topic are listed below but are not limited to them.
<Sub-topic 2-1> min peak EIRP
<Way forward>: It is further discussed whether the minimum peak EIRP is used for the beam correspondence criteria and if the minimum peak EIRP value in RRC_INACTIVE and initial access is the same as RRC_CONNECTED.
· Option 1: min peak EIRP is included.
· Option 1a: EIRP is the same as RRC_CONNECTED.
· Option 2a: EIRP is lower in initial access and RRC_INACTIVE than RRC_CONNECTED.
· Option 2: min peak EIRP is not included.
<Sub-topic 2-2> RAR
<Way forward>: It is further discussed whether RAR is included in BC requirement. Proponents of RAR test are encouraged to provide more analysis why spherical coverage used in RRC_CONNECTED is not sufficient and why RAR test complement the BC requirement in RRC_INACTIVE and initial access.
· Option 1: RAR is included.
· Option 2: RAR is not included.
<Sub-topic 2-3> msg3
<Way forward>: It if further discussed if msg3 requirement is specified separately from msg1. Proponents of msg3 test are encouraged to provide more analysis why msg1 test is not enough to verify the beam correspondence in RRC_INACTIVE and initial access.
· Option 1: msg3 is included.
· Option 1a: msg3 requirement is the same as msg1.
· Option 1b: msg3 requirement is not the same as msg1.
· Option 2: msg3 is not included.
<Sub-topic 2-4> msgA
<Way forward>: It is further discussed if msgA requirement specified separately from msg1. Proponents of msgA test are encouraged to provide more analysis why msg1 test is not enough to verify the beam correspondence in RRC_INACTIVE and initial access.
· Option 1: msgA is included.
· Option 1a: msgA requirement is the same as msg1.
· Option 2a: msgA requirement is the same as Rel-16.
· Option 2: msgA is not included
<Sub-topic 2-5> applicability of Rel-16 SSB BC requirement
<Way forward>: It is further discussed the applicability of Rel-16 SSB BC requirement to initial access and RRC_INACTIVE.
· Option 1: Applicable to IA, RA-SDT, and CG-SDT.
· Option 2: Applicable to CG-SDT.
· Option 3: Not applicable.
<Sub-topic 2-6> requirement scenario
<Way forward>: It is further discussed whether initial access, RA-SDT and CG-SDT are all specified. Proponents of multiple tests are encouraged to provide more analysis why the requirements are different among these cases.
· Option 1: Core requirement is introduced to all cases, i.e., IA, RA-SDT, and CG-SDT
· Option 1a: Core requirement is the same for all cases and one set of requirements is appliable to all.
· Requirement is verified only in one case.
· Option 1b: Core requirement is specified for each case, IA, RA-SDT and CG-SDT.
· Requirement is verified for each case.
· Option 2: Core requirement is only introduced to initial access.
<Sub-topic 2-7> waveform
<Way forward>: It is for further discussion if DFT-s-QPSK is used as a baseline in the same way as the connected mode.
<Sub-topic 2-8> BC tolerance
<Way forward>: It is further discussed whether the BC tolerance is applied or not in RRC_INACTIVE and initial access.
· Option 1: BC tolerance is applicable.
· Option 1: The same as Rel-16. 
· Option 2: New tolerance is introduced.
· Option 2a: New tolerance for long/short DRX scenarios needs to be clear.
· Option 2: BC tolerance is not applicable.
<Sub-topic 2-9> UE capability
<Way forward>: It is further discussed whether a new UE capability in Rel-18 is introduced and whether BC in initial access and RRC_INACTIVE is mandated. It is also discussed how UE that does not support beamCorrespondenceSSB-based-r16 and beamCorrespondenceWithoutUL-BeamSweeping is covered.

<Sub-topic 2-10> Side conditions
<Way forward>: As there was common understanding that determining the side condition of SSB for the EIRP spherical coverage test of Msg1 is required, it is encouraged that companies to contribute on the exact side conditions in initial access and RRC_INACTIVE. 




3. Minimum peak EIRP 
For the initial access (IA) or RA-SDT during RRC_ INACTIVE mode, the Minimum peak EIPR is a reasonable requirement to be used as a criterion of UE performance. 
There is no data transmission during IA process based on Msg1 of a 4-step RA, however, there are data transmissions based on MsgA of a 2-step RA. Those two scenarios are very different, therefore, EIRP requirements should be different.  
We support option 2a: EIRP is lower in initial access and RRC_INACTIVE than RRC_CONNECTED.
Observation 1: Minimum peak EIRP should be a reasonable requirement of UE performance in RRC_INACTIVE mode.
Observation 2: IA and RRC_ INACTIVE are different scenarios since SDT is normally used during RRC_INACTIVE mode 
Proposal 1: Introduce a different min peak EIRP requirement for msg1.
4. RAR
Observation 3: RAR for UE is related to the beam to receive information from the base station. We suppose that the beam correspondence will not be redone for RAR due to the limited time in IA and RRC_INACTIVE mode (long/short DRX), i.e., the same beam used for sending the previous message to the base station will be used in RAR as well.    
We support option 2: RAR is not included.
5. Msg3
We hold a similar reason as above for this subtopic.
We support option 2: msg3 is not included.
6. MsgA
[image: ]
Figure 1 4-step RACH and 2-step RACH

In order for the UE to perform Random access (RA) successfully in RRC_IDLE and RRC_INACTIVE, different beam correspondence requirements can be introduced depending on the 6 RA type as below:
· 4-step RA for idle to connected
· 2-step RA for idle to connected
· 4-step RA in inactive for SDT
· 2-step RA in inactive for SDT
· 4-step RA from inactive to connected
· 2-step RA from inactive to connected

Observation 4: MsgA is the first step of 2-step RACH as shown in Figure 1. There is a clear need for tighter requirements for 2-step RACH vs 4-step RACH since 2-step RACH has a higher payload, i.e. PUSCH is included in MsgA.
Proposal 2: we propose to specify the requirements of MsgA and Msg1 in a new way.
· Reuse the minimum SSB_RP in case of 2-step Random access in IDLE or INACTIVE mode, compared to CONNECTED mode.
· Relax the minimum SSB_RP by 3dB in case of 4-step Random access in IDLE or INACTIVE mode, compared to CONNECTED mode.
Example for 4-step RA:
	Angle of arrival
	NR operating bands
	Minimum SSB_RP Note 2
	SSB Ês/Iot

	
	
	dBm / SCSSSB
	dB

	
	
	SCSSSB = 120 kHz
	

	All angles Note 1
	n257
	-93.2
	≥6

	
	n258
	-93.2
	

	
	n259
	-87.7
	

	
	n260
	-88.9
	

	
	n261
	-93.2
	

	
	n262
	-85.5
	

	
	n263
	TBD
	

	NOTE 1:	For UEs that support multiple FR2 bands, the Minimum SSB_RP values for all angles are increased by MBS,n, the UE multi-band relaxation factor in dB specified in clause 6.2.1.
NOTE 2:	Values specified at the radiated requirements reference point to give minimum SSB Ês/Iot, with no applied noise.



Proposal 3: We propose to introduce new beam correspondence tolerance requirements, specifically for RRC_IDLE and RRC_INACTIVE states in Rel-18. 
In these scenarios, the beam correspondence tolerance cannot be based on the difference between with and without UL beam sweep since there is no beam sweep in idle and inactive modes. Therefore, we propose a new beam correspondence tolerance definition, which is based on the difference between the peak EIRP in connected mode and in idle/inactive mode.
Our proposal for the added specification text is as stated below in red:
The beam correspondence tolerance requirement ∆EIRPBC_INACTIVE for RRC_IDLE and RRC_INACTIVE for power class 3 UEs is defined based on a percentile of the distribution of ∆EIRPBC, defined as ∆EIRPBC_INACTIVE = EIRP2 - EIRP1 over the link angles spanning a subset of the spherical coverage grid points, such that
· EIRP1 is the total EIRP in dBm calculated based on the beam the UE chooses autonomously (corresponding beam) to transmit in the direction of the incoming DL signal, which is based on beam correspondence in idle or inactive modes and without relying on UL beam sweeping.
· EIRP2 is the total EIRP in dBm calculated based on the beam the UE chooses autonomously (corresponding beam) to transmit in the direction of the incoming DL signal, which is based on beam correspondence with relying on UL beam sweeping in connected mode.
· The link angles are the ones corresponding to the top Nth percentile of the EIRP2 measurement over the whole sphere, where the value of N is according to the test point of EIRP spherical coverage requirement for power class 3, i.e. N = 50.
For power class 3 UEs, we can suggest adding 3 dB tolerance for each band, for example. 
7. Applicability of Rel-16 SSB BC requirement
The IA, RRC_INACTIVE, and RRC_IDLE modes are supposed to be discussed in the enhancement of beam correspondence. RA-SDT and CG-SDT are used in RRC_INACTIVE mode. Therefore, all the IA, RA-SDT, and CG-SDT should be included in the core requirement for Rel-18.
We support option 1: Applicable to IA, RA-SDT, and CG-SDT.
8. Requirement scenario
There are two types of RA procedure, 2-step RA and 4-step RA used in IA in RRC_IDLE mode and there are three types of SDT namely: 2-step RA SDT, 4-step RA SDT, and CG-SDT are used in the RRC_INACTIVE mode. 
The 2-step RA and 2-step RA SDT can be considered similar, and 4-step RA and 4-step RA SDT can be considered similar. However, 2-step RA/RA-SDT, 4-step RA/RA-SDT, and CG-SDT have unique features, and specific requirement for each of them is needed.
We support option 1b: Core requirement is specified for each case, IA, RA-SDT and CG-SDT.
9. BC tolerance
Focus on RRC_INACTIVE mode, short DRX and long DRX cycles (on + off durations = one DRX cycle) are used for UE power saving, and the UE can perform SDT in the “on duration” of the DRX cycles based on the 2-step RA-SDT, 4-step RA-SDT, and CG-SDT methods. The impacts of payload/data and channel changes as DRX cycles go on and on are significant.
Given that the short DRX cycles range from 2ms to 640ms while long DRX cycles range upto 10240 ms, also there are three different types of SDT methods, it is important to define requirements and related test cases with DRX operations. 

Observation 5: Short or long DRX cycles can last up to 640 and 10240 ms respectively. RRC_INACTIVE and RRC_IDLE states typically use longer DRX cycles.
Proposal 4: Introduce a tolerance based on the length of DRX cycles.
For example, we can add 3 dB relaxation for long DRX cycles as below.

	SSB Parameters
	Values

	Channel bandwidth
	100 MHz

	SSB SCS
	120 kHz

	SSB periodicity (TSSB)
	20 ms

	Number of SSBs per SS-burst
	2

	SS/PBCH block index
	0
	1

	Symbol numbers containing SSBs Note 2
	4-7
	8-11

	Slot numbers containing SSB Note 2
	0
	0

	SFN containing SSB
	SFN mod (max(TSSB,10ms)/10ms) = 0

	RB numbers containing SSBs within channel BW
	(RBJ, RBJ+1,.…, RBJ+19)Note 1

	DRX cycle 
	UE Power 

	<= 2 ms
	Same as defined in 38.101-2 

	>= 2 ms to <= 10 ms
	3 dB additional

	>= 10 ms
	 + N dB additional

	Note 1:RBs containing SSB can be configured in any frequency location within the cell bandwidth according to the allowed synchronization raster defined in TS 38.104 [13]. 
Note 2:These values have been derived from other parameters for information purposes (as per TS 38.213 [3]). They are not settable parameters themselves.



Additionally, the number of SS bursts to monitor during the DRX sleep cycle can scale depending on the length to ensure optimal BC operation. The numbers below are indicative

	DRX cycle length
	SS bursts to monitor

	≤ 5 ms
	3 

	> 10 ms
	6 

	….
…..
	…..
…...

	N
	M 



We support option 2a: New tolerance for long/short DRX scenarios needs to be clear.

10. Conclusions
In this contribution, we have continued discussion on Rel-18 UE beam correspondence requirements for RRC_INACTIVE and IA focusing of UE beam type and DRX implications in Rel-18 Inactive Beam Correspondence. In the contribution we make the following observations and proposals:

Observation 1: Minimum peak EIRP should be a reasonable requirement of UE performance in RRC_INACTIVE mode.
Observation 2: IA and RRC_ INACTIVE are different scenarios since SDT is normally used during RRC_INACTIVE mode 
Observation 3: RAR for UE is related to the beam to receive information from the base station. We suppose that the beam correspondence will not be redone for RAR due to the limited time in IA and RRC_INACTIVE mode (long/short DRX), i.e., the same beam used for sending the previous message to the base station will be used in RAR as well.    
Observation 4: MsgA is the first step of 2-step RACH as shown in Figure 1. There is a clear need for tighter requirements for 2-step RACH vs 4-step RACH since 2-step RACH has a higher payload, i.e. PUSCH is included in MsgA.
Observation 5: Short or long DRX cycles can last up to 640 and 10240 ms respectively. RRC_INACTIVE and RRC_IDLE states typically use longer DRX cycles.

Proposal 1: Introduce a different min peak EIRP requirement for msg1.
Proposal 2: we propose to specify the requirements of MsgA and Msg1 in a new way.
Proposal 3: We propose to introduce new beam correspondence tolerance requirements, specifically for RRC_IDLE and RRC_INACTIVE states in Rel-18. 
Proposal 4: Introduce a tolerance based on the length of DRX cycles.
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