

	
3GPP TSG RAN WG4 Meeting #96-e	R4-2011241
Electronic Meeting, August 17-28, 2020
Agenda Item:	7.1.5.3
Source: 	Ericsson, Qualcomm
Title:	Analysis of RACH in HO and RRC connection control requirements in NR-U
Document for:	Discussion
1. [bookmark: OLE_LINK13][bookmark: OLE_LINK14]Introduction
Several NR-U RRM procedures involve RACH transmission to a target cell which is subject to LBT in the uplink. The CRs on core requirements were either agreed or corresponding CR was endorsed in RAN4#95-e meeting. However, there is inconsistency in which the RACH transmission delay/uncertainty as function of UL LBT failures is defined in different core requirements.
In this paper we anlyze the RACH delay in these requirements and suggest modification in the corresponding core requirements. 
2. Analysis of RACH transmission delay under UL LBT
RACH transmission to the target cell/BWP is used in at least the following procedures:
· Handover core requirements
· RRC re-establishment
· RRC release with redirection
· Active BWP switch under consistent UL failures
RACH transmission delay is already included in the first 3 core requirements while its inclusion in the last one is under discussion. We will therefore focus on the first 3 cases since in any case the RACH transmission delay if included should be consistent. 
RACH delay in HO:
In HO delay requirements the RACH transmission delay/uncertainty is defined as follows [1-2]:
TIU is the interruption uncertainty due to the random access procedure when sending PRACH to the new cell. TIU can be up to: TSSB,RO + L3 * TRO + 10 ms where TSSB,RO is the SSB to PRACH occasion association period and L3 is the number of consecutive PRACH occasions that are unavailable for PRACH transmission due to UL CCA failure, and TRO is the time period to next PRACH occasion. SSB to PRACH occasion associated period is defined in the table 8.1-1 of TS 38.213 [39]. L3 = 0 for Type 2C UL channel access procedure as defined in TS 37.213. When the UE is configured with both the UL BWP with PRACH occasion on the target cell and UL LBT failure detection/recovery, the interruption can be longer.
RACH delay in RRC re-establishment:
In RRC re-establishment delay requirements the RACH transmission delay/uncertainty is defined as in [3]:
TPRACH_CCA: It is the delay uncertainty in acquiring the first available PRACH occasion in the target NR cell on the carrier with CCA, which can up to (1+K3)*TPRACH . K3 is the number of PRACH occasions that are unavailable for PRACH transmission due to UL LBT failure. K3 = 0 for Type 2C channel access procedure as defined in TS 37.213. TPRACH is defined in 6.2.1.2.1 of TS38.133.

RACH delay in RRC release with redirection:
In RRC re-establishment delay requirements the RACH transmission delay/uncertainty is defined in [4-5]:
TRACH_CCA: It is the delay uncertainty in acquiring the first available PRACH occasion in the target NR cell:
-	TRACH_CCA = (1+L2) TPRACH; where:
-	L2 is the number of PRACH occasions unavailable for PRACH transmission due to UL CCA failures. 
-	TPRACH can be up to the summation of SSB to PRACH occasion association period (Tconfig) and 10 ms; where Tconfig is defined in the table 8.1-1 of TS 38.213 [3].
-	The value of L2 is limited by PREAMBLE_TRANSMISSION_COUNTER, which is increased when PRACH occasion is unavailable for PRACH transmission due to UL CCA failure as specified in TS 38.321 [7]. The UE behaviour when PREAMBLE_TRANSMISSION_COUNTER reaches the preambleTransMax is specified in TS 38.321 [7].
While there is some resemblance in RA delay between RRC re-establishment and RRC release, but it is quite inconsistent with the corresponding delay in HO. One common aspect in all cases is that the paranmeter, ‘L’ is expressed in terms of number of PRACH occasions unavailable due to UL LBT failures. However, in order to define delay uncertainty due to RACH it is important to understand the implication of missing one or more PRACH occasions unavailable due to UL LBT failures. This is described below:
In NR one or more RACH occasions are configured within SSB to PRACH occasion association period (TSSB,RO), which is defined in TS 38.213 8.1. It is important to note that the RACH occasions can also be configured in FDM (1, 2, 4, or 8 with msg1-FDM) within the one time instance as specified in TS 38.211 6.3.3.2. Secondly if one RACH occasion fails in time domain due to UL LBT failure then it might be possible for the UE to send RACH in another RACH occasion (if configured and available) within the same SSB to PRACH occasion association period. Therefore, parameter ‘L’ should be linked to the number of SSB to PRACH occasion association periods with no RACH occasion available at the UE. This is described with an example shown in figure 1. In this example 4 SSBs are associated with 4 PRACH occasions in FDM (4 PRACH occasions in one time instance, i.e., msg1-FDM=4) within the SSB to PRACH occasion association period. The SSB-per-PRACH-occasion is 1/8. This means one SSB is mapped to 8 PRACH occasions. But since 4 PRACH are FDMed therefore there are two PRACH occasions in time domain withn the SSB to PRACH occasion association period. This means if UL LBT fails only in the 1st time-domain RACH occasions then the UE can send RACH in the 2nd RACH occasion within the same SSB to PRACH occasion association period. But if UL LBT fails in both time-domain RACH occasions then the UE can earlest send the RACH in any of the two RACH occasions in the next SSB to PRACH occasion association period and so on.
[image: ]
Figure 1: PRACH transmission occasions within the SSB to PRACH occasion association period
Based on the above analysis we suggest that the delay uncertainty (TIU) due to RACH transmission is defined as follows:
TIU = (1+ L)*TSSB,RO + 10 ms
Where:
· TSSB,RO is the SSB to PRACH occasion association period as defined on TS 38.213.
· L is the number of consecutive SSB to PRACH occasion association periods during which no PRACH occasion is available for PRACH transmission due to UL CCA failure. 

Furthermore, according to TS 37.213 to perform Type 2C UL channel access procedures for a UL transmission, the UE does not sense the channel before the transmission. Therefore the following should be included in all core requirements:
· L = 0 for Type 2C UL channel access procedure as defined in TS 37.213. 
The following is only relevant for HO since UL LBT failure detection/recovery procedure is not applicable for RRC re-establishment and RRC connection release with redirection procedures.
· When the UE is configured with both the UL BWP with PRACH occasion on the target cell and UL LBT failure detection/recovery, the interruption can be longer.
3. Summary
[bookmark: _Hlk23953093]In this paper we have analysed the RACH delay uncertainty in different core requirements where the UE send RACH to the target cell/BWP subject to UL LBT. Following are the main observation and proposals: 

· Observation # 1: There is inconsistency in which the RACH delay uncertainty is specified in different core requirements involving RACH transmission to the target cell/BWP which is subject to UL LBT. 
· Observation # 2: Mutiple PRACH occasions where the UE sends the PRACH can also be configured in the same time resources. 
· Proposal # 1: The delay uncertainty (TIU) due to RACH transmission in HO, RRC re-establishment and RRC release with redirection is defined as follows:
TIU = (1+ L)*TSSB,RO + 10 ms
Where:
· TSSB,RO is the SSB to PRACH occasion association period as defined on TS 38.213.
· L is the number of consecutive SSB to PRACH occasion association periods during which no PRACH occasion is available for PRACH transmission due to UL CCA failure. 
· Proposal # 2: The following is also included in the RACH delay uncertainty in RRC release with redirection:
· L = 0 for Type 2C UL channel access procedure as defined in TS 37.213.
CRs to 38.133 and TS 36.133 to correct the RACH delay in HO delay and RRC release with redirection delay requirements are provided in [6-9].
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