3GPP TSG-RAN WG2 Meeting #123	R2-2307653
Toulouse, France, August 21-25, 2023		     
Agenda item:	    7.21.3					         
Source: 		Qualcomm Incorporated
Title: 	UL Coverage Enhancements – User Plane
Document for:	Discussion
Introduction 
In this contribution we discuss some views on Rel-18 Further UL Coverage Enhancements. The WID [1] asks RAN2 to handle the first objective below:
	The objective of this work item is to specify further uplink coverage enhancements for PRACH, power domain and DFT-S-OFDM. 
The detailed objectives of the work item are as follows:
· Specify following PRACH coverage enhancements (RAN1, RAN2)
· Multiple PRACH transmissions with same beams for 4-step RACH procedure
· Study, and if justified, specify PRACH transmissions with different beams for 4-step RACH procedure
· Note 1: The enhancements of PRACH are targeting for FR2, and can also apply to FR1 when applicable.
· Note 2: The enhancements of PRACH are targeting short PRACH formats, and can also apply to other formats when applicable.


The following was agreed in the last RAN2 meeting [2]:
	RACH configuration framework:
=> Regarding the framework for Msg1 repetition and whether to support fallback from lower number to higher number, Fallback is supported. All repetitions are treated as a single feature, but within the feature, different repetition numbers are treated as different RACH type. 
=> For a RACH partition associated with multiple Msg1 repetition numbers, the parameters defined in RACH-ConfigGeneric IE (except preambleReceiveTargetPower and powerRampingStep) are common for those repetition numbers. This will reuse existing IE. We will allow different ROs to be used for different repetitions in the signalling. If this complicates the RRC with option 2.2 too much we can revisit that agreement
=> Each RSRP threshold is configured separately by RRC, which is associated with a repetition number if configured (for each carrier).
=> A single feature priority for MSG1 repetition is configured by RRC, i.e. all the MSG1 repetition numbers use the same feature priority.
Fallback from lower number to higher number:
=>  UE selects higher repetition number upon Msg1 retransmission when the number of Msg1 retransmission reaches a configured value. FFS whether we need to also check DL RSRP at the time of switching (can ask RAN1) discuss as part of offline 801. 
=>  Upon fallback from lower number to higher number, SCALING_FACTOR_BI is not reinitialized. PREAMBLE_POWER_RAMPING_STEP is not reinitialized if the preambleRampingStep parameter is common for different repetition numbers. 
=>  UE does not reset counters: PREAMBLE_TRANSMISSION_COUNTER and PREAMBLE_POWER_RAMPING_COUNTER upon fallback from lower number to higher number.
=>  Introduce a RRC configured threshold (e.g. TransMax-Msg1RepNum), the field is used for deciding whether to trigger fallback from with lower number to higher number when the number of Msg1 transmission exceeds this threshold. This parameter is common for different repetition numbers configured in one RACH partition.
CFRA and fallback from CFRA with Msg1 repetition to CBRA with Msg1 repetition:
=> NW indicates ONE MSG1 repetition number applicable for CFRA MSG1 repetition by RRC for Reconfiguration with sync.
=> support fallback from CFRA with Msg1 repetition to 4-step CBRA with Msg1 repetition. Details are FFS. 
=> CFRA with Msg1 repetition for BFR and with PDCCH order are not supported (can be revisited if there is consensus to support this)
CE only BWP:
=> CE only BWP for msg1 repetition is supported. Details are FFS
· 



An ongoing email discussion is currently underway to discuss the UP open issues [3] which has concluded with the following proposals:
	Easy proposals:
Proposal 2	[9/10] For a given feature combination, RAN2 assumes the same value of preambleReceiveTargetPower and powerRampingStep parameters can be applied for different Msg1 repetition numbers. Send LS to RAN1 about our conclusion and ask if they have concern. 
Proposal 3	[9/10] For Msg1 repetition, the set of RACH resources is only selected at the initialization of RACH procedure. 
Proposal 7	[9/10] Reuse the existing UE counter (PREAMBLE_TRANSMISSION_COUNTER) to trigger fallback from lower number to higher number.
Proposal 8	[9/10] Upon fallback from CFRA with repetition to CBRA with repetition, the UE only selects the RACH resources that associated the same repetition number that indicated for CFRA.
Proposal 9	[9/10] After fallback from CFRA with Msg1 repetition to CBRA with Msg1 repetition, UE cannot trigger further fallback from CBRA with lower number to higher number.
Proposal 10	[9/10] For Rel-18 CE-only BWP, RAN2 confirms:
-	Use featureCombinationPreamblesList-r17 in addiitonalRACH-ConfigList-r17 to configure Rel-18 CE-only BWP, and the legacy RACH-ConfigCommon is absent in such case;
-	CFRA is not supported in Rel-18 CE-only BWP.
Proposal 11	[10/10] RAN2 agree that Rel-18 CE-only BWP includes the following types:
· Type 1: A dedicate BWP in which all the RACH resources are only associated with Msg3 repetition;
· Type 2: A dedicate BWP in which all the RACH resources are only associated with Msg1 repetition;
· Type 3: A dedicate BWP in which all the RACH resources are associated with both Msg1 repetition and Msg3 repetition.
Proposal 12	[10/10] For Rel-18 CE-only BWP for Msg1 repetition, whether to use Alt1.1 or Alt.1.2 is up to network implementation.:
· Alt 1.1: If the selected dedicated BWP is configured with set of RACH resources that all associated with Msg1 repetition and a specific repetition number, when RACH is triggered, the UE applies the Msg1 repetition number without evaluating the Msg1 repetition RSRP threshold.
· Alt 1.2: If the selected dedicated BWP is configured with sets of RACH resources that all associated with Msg1 repetition but with different repetition numbers, when RACH is triggered, the UE selects the applicable repetition number and corresponding RACH resource based on the evaluation of Msg1 repetition RSRP threshold.

Proposals for online discussion:

Proposal 1	[8/10] Adopt Alt 2.3 for Msg1 repetition framework:
· Separate RO for different number is supported by configuring different repetition numbers in different partitions (i.e. featureCombinationPreambles);
· RACH resources of RACH partitions that configured with the same “featureCombination” are considered to be within the same set of RACH resources;
· Fallback from lower number to higher number is performed within the selected set of RACH resources. 
· FFS whether a single featureCombinationPreamble IE can provide RACH resources for multiple repetition numbers (for sharedRO case);
Proposal 4	On how to determine applicability of Msg1 repetition feature and the selection of set of RACH resources, RAN2 to discuss and select one of the following options: 
-- Option 1 [5/9]: The UE behaviour is:
· The UE evaluates all configured DL RSRP thresholds for Msg1 repetition, if UE’s DL RSRP is less than the RSRP thresholds for higher repetition number, the UE considers Msg1 repetition with lower repetition numbers are also applicable.  
· When selecting a set of RACH resources, the UE needs to consider both Msg1 repetition feature and its applicable repetition number(s) (i.e. The selected RACH resource set must contains the RACH resources which UE already fulfills the corresponding RSRP threshold). 
· Once a set of RACH resources is selected, the UE further selects the RACH resources that associated with the highest applicable repetition number of the UE.  
-- Option 2 [3/9]: The UE behaviour is:
· The UE only evaluates the DL RSRP threshold configured for lowest Msg1 repetition number, if UE’s DL RSRP is less than that RSRP threshold, the UE considers “Msg1 repetition” feature is applicable.  
· When selecting a set of RACH resources, the UE only needs to consider “Msg1 repetition” feature (i.e. The selected RACH resource set may only contain the RACH resources which UE does not fulfill the corresponding RSRP threshold). 
· Once a set of RACH resources is selected, the UE further selects the RACH resources based on the evaluation of RSRP thresholds, if UE does not fulfil any threshold, the UE selects the RACH resource that associated with the lowest repetition number (e.g. this may happen when the selected resources set only provides RACH resources for Num_4 or Num_8).  
Proposal 5	[7/9] DL RSRP threshold is not checked when determining whether to trigger fallback from lower number to higher number.
Proposal 6	[7/9] After UE fallbacks from repetition number 2 to repetition number 4, the UE can then fallback to repetition number 8 when the fallback condition is met.




Supported Fallbacks
Early in the WI, RAN2 has tried to assess whether “fallbacks” should be supported with the following four cases presented to companies to indicate support:
	· Case 1: Fallback from legacy 4-step RA to 4-step RA with Msg1 repetition;  ----Not supported
· Case 2: Fallback from Msg1 repetition with lower number to Msg1 repetition with higher number; ----FFS, Supported by multiple companies
· Case 3: Fallback from 2-step RA to 4-step RA with Msg1 repetition; ----FFS, low priority (not much support)
· Case 4: Fallback from CFRA to CBRA with Msg1 repetition. ----FFS, low priority (not much support)


After the last email discussion, it seems that RAN2 intends to support Alt 2.3 for fallbacks.
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Figure 1 Alt 2.3 Signalling structure for "Separate RO" support
Alt 2.3 has been described by the email rapporteur as follows:
	Alt 2.3 Separate RO for different number is supported by configuring different repetition numbers in different partition (i.e. featureCombinationPreambles), multiple RACH partitions with the same “featureCombination” are belonging to the same set of RACH resources. 
For this option, it means we stick to the below agreement made in last RAN2 meeting:
=> Regarding the framework for Msg1 repetition and whether to support fallback from lower number to higher number, Fallback is supported. All repetitions are treated as a single feature, but within the feature, different repetition numbers are treated as different RACH type. 
But considering different repetition numbers are treated as different RACH types, so, from RRC signalling perspective, separate RO for different number is supported by configuring different repetition numbers in different partition (i.e. featureCombinationPreambles), multiple RACH partitions with the same “featureCombination configuration” are treated as the same set of RACH resources.
(Note: this is based on the assumption that in Rel-17, for a given feature (or feature combination), the RACH resources for 4-step RA (in one featureCombintionPreambles) and the RACH resources for 2-step RA (in another featureCombinationPreambles) are considered as the same set of RACH resources).
The possible signalling structure of Alt 2.3 is shown in above figure.
Remarks:
•	For a specific feature (or feature combination), the RACH resources for different repetition number can be configured in different partitions (i.e. featureCombinationPreambles), however, from UE perspective, those RACH resources are considered as a single set of RACH resources.  
	For example, for feature combination “RedCap + Msg1 repetition”, network configures partition 2 for repetition Num_2 and Num_4 (shared RO with legacy RACH), and then configures partition 4 for repetition Num_8 (separate RO), but from MAC perspective, the RACH resources configured by Partition 2 and 4 are considered as one set of RACH resources, which applicable to feature combination “RedCap+Msg1 repetition”.
•	Based on current MAC spec, upon RACH initialization, the UE selects a set of RACH resources (instead of a specific RACH partition), so fallback from lower number to higher number is performed within the selected RACH resource set. No need to reselect the RACH resource set during RACH procedure. 
•	From signalling point of view, for a given feature (or feature combination), network cannot configure multiple featureCombinationPreambles to associate with the same repetition number, this is aligned with existing restriction (shown below).  


 With the current likely to-be-agreed on framework, we would like to reexamine Case 1 
	Case 1: Fallback from legacy 4-step RA to 4-step RA with Msg1 repetition


As a few companies have mentioned in last meeting contributions supporting fallbacks between repetition numbers {2,4,8} but not separating fallback from legacy 4-step RA to 4-step RA with Msg 1 repetition does not make sense. Intuitively, the NW should be able to ask the UE to attempt a single Msg 1 repetition and fallback to a higher repetition number upon a pre-configured number of RACH failures. This is crucial to achieve coverage enhancements without a penalty on UE power, access delay and RACH resources usage.
Observation 1: Fallback from a single repetition legacy-like 4-step RA to 4-step RA with Msg 1 repetition is important for UE power, access delay, and RACH resource utilization and congestion. 
Given the current RAN2 agreements and framework of Alt 2.3, the UE does not select a specific RACH partition, but a set of RACH resources that may belong to different partitions that use separate ROs for different repetition numbers. Within these partitions, FeatureCombinationPreambles is used to indicate the preamble partitioning within shared ROs (between repetition numbers). The offline email discussion has concluded that in the MAC spec, UE needs to only select a set of “RACH resources” possibly across different partitions and use some to-be-finalized fallback framework to move between repetition numbers across separate ROs and across preambles for shared ROs. 
Interestingly, within this framework, there is nothing stopping the NW from configuring some legacy-like 1-repetition RACH resources as well. In the figure above, the “UE can be provided with a preamble index range for Num 1” in RACH resource set 1 in partition 1. Nothing really breaks if proper feature selection with respect to RSRP is developed and fallbacks from repetition number 1 are correctly introduced in the MAC spec. To the UE, this is just a similar repetition numbers it will attempt up until it hits a certain number of RACH failures before falling back to a higher repetition number (1,2,4,8). 
Observation 2: Alt 2.3 can accommodate configuring a legacy-like single-repetition RACH resource within the “repetition” RACH resources. 
Proposal 1: RAN2 to consider introducing a single-repetition legacy like configuration as part of the RACH repetition feature. This enables the framework to accommodate effectively “falling back from legacy CBRA to CBRA with Msg 1 repetition”, i.e., a 1->2->4->8 fallback with the already developed fallbacks framework. 
Naturally, if RAN2 decides to extend the framework by accepting this proposal, some work would be needed to determine the following.
Proposal 2: If Proposal 1 is agreeable, RAN2 to discuss the following:
· How UE does DL RSRP evaluation to determine if it needs to start from 1-repetition or 2-repetition when the Msg 1 repetition is selected during feature selection. Likely the Option 1 (The UE evaluates all configured DL RSRP thresholds for Msg1 repetition, if UE’s DL RSRP is less than the RSRP thresholds for higher repetition number, the UE considers Msg1 repetition with lower repetition numbers are also applicable.) can be directly reused.
· When should the UE fallback from 1-repetition to 2-repetition, i.e., whether PREAMBLE_POWER_RAMPING_COUNTER and TransMax-Msg1RepNum are reused. 
We do not expect these to be major issues, rather, we expect that small modifications to the current discussions would be sufficient to accommodate this scenario. 
Separating RSRP thresholds for different UE power classes
Recall the following RAN2 agreement from last meeting to separate NUL and SUL Msg 1 repetition RSRO thresholds:
	· Each RSRP threshold is configured separately by RRC, which is associated with a repetition number if configured (for each carrier).


Observation 3: RAN2 has agreed that NUL and SUL may have different repetition RSRP thresholds. 
One issue that has been absent from discussion is whether different UE power classes should use the same RSRP threshold for repetition number selection. 
In our view, the framework of msg1 repetition needs to separate the repetition criteria between UE power classes, as FWA UEs can go to a much higher max EIRP than normal/handheld UEs, it should be possible for the NW to restrict repetition  of such UEs since they have a much higher power limit they can ramp up to without congesting the RACH resources especially on shared ROs, in fact we assume the NW may want to discourage such UEs from using Coverage enhancements ROs so as to not worsen coverage of other UEs.
Observation 4: FWA UEs may not need Msg-1 repetition since they have a higher max EIRP, thus, if they follow the same criteria for handheld UEs they may cause high interference to handheld UEs causing a degradation of coverage in the NW. 
Proposal 3: RAN2 to introduce separate RSRP thresholds for different UE power classes. 
Conclusion
Observation 1: Fallback from a single repetition legacy-like 4-step RA to 4-step RA with Msg 1 repetition is important for UE power, access delay, and RACH resource utilization and congestion. 
Observation 2: Alt 2.3 can accommodate configuring a legacy-like single-repetition RACH resource within the “repetition” RACH resources. 
Proposal 1: RAN2 to consider introducing a single-repetition legacy like configuration as part of the RACH repetition feature. This enables the framework to accommodate effectively “falling back from legacy CBRA to CBRA with Msg 1 repetition”, i.e., a 1->2->4->8 fallback with the already developed fallbacks framework. 
Proposal 2: If Proposal 1 is agreeable, RAN2 to discuss the following:
· How UE does DL RSRP evaluation to determine if it needs to start from 1-repetition or 2-repetition when the Msg 1 repetition is selected during feature selection. Likely the Option 1 (The UE evaluates all configured DL RSRP thresholds for Msg1 repetition, if UE’s DL RSRP is less than the RSRP thresholds for higher repetition number, the UE considers Msg1 repetition with lower repetition numbers are also applicable.) can be directly reused.
· When should the UE fallback from 1-repetition to 2-repetition, i.e., whether PREAMBLE_POWER_RAMPING_COUNTER and TransMax-Msg1RepNum are reused. 
Observation 4: FWA UEs may not need Msg-1 repetition since they have a higher max EIRP, thus, if they follow the same criteria for handheld UEs they may cause high interference to handheld UEs causing a degradation of coverage in the NW. 
Proposal 3: RAN2 to introduce separate RSRP thresholds for different UE power classes. 
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