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1	Introduction
In RAN#90e meeting, the work item was approved for NR coverage enhancement and the following objective was updated and approved in RAN#92-e [1]:
-----------------------------------------------------------------
The objective of this work item is to specify enhancements for PUSCH, PUCCH and Msg3 PUSCH for both FR1 and FR2 as well as TDD and FDD. 
The detailed objectives of the work item are as follows:
· Specification of PUSCH enhancements [RAN1, RAN4]
· Specify the following mechanisms for enhancements on PUSCH repetition type A [RAN1]
· Increasing the maximum number of repetitions up to a number to be determined during the course of the work.
· The number of repetitions counted on the basis of available UL slots.
· Specify mechanism(s) to support TB processing over multi-slot PUSCH [RAN1]
· TBS determined based on multiple slots and transmitted over multiple slots. 
· Specify mechanism(s) to enable joint channel estimation [RAN1, RAN4]
· Mechanism(s) to enable joint channel estimation over multiple PUSCH transmissions, based on the conditions to keep power consistency and phase continuity to be investigated and specified if necessary by RAN4 [RAN1, RAN4]
· Potential optimization of DMRS location/granularity in time domain is not precluded
· Inter-slot frequency hopping with inter-slot bundling to enable joint channel estimation [RAN1]
· Specification of PUCCH enhancements [RAN1, RAN4]
· Specify signaling mechanism to support dynamic PUCCH repetition factor indication [RAN1]
· Specify mechanism to support DMRS bundling across PUCCH repetitions [RAN1, RAN4]
· When applicable, based on similar mechanism(s) for enabling joint channel estimation for PUSCH
· Specify mechanism(s) to support Type A PUSCH repetitions for Msg3 [RAN1, RAN2]
-----------------------------------------------------------------
In this contribution we will discuss overall possible RAN2 impacts from coverage enhancements, in particular focusing on impact from Type A POUSCH repetitions for Msg3. 
[bookmark: _Ref178064866]2	Discussion
Coverage enhancements were introduced as a study item in Rel-17 with the justification that coverage of 5G NR has not been thoroughly addressed and is a key issue when deploying 5G. The study item was later converted into a work item. The main use case of coverage enhancements is as the name of the work item suggest, to improve the coverage of 5G NR. During the study item, which resulted in the Technical Report 38.830 [2] a large amount of methods for improving the coverage was studied in 3 main categories; PUSCH, PUCCH and final category of channels other than PUSCH and PUCCH (this category was mainly devoted towards improving the coverage of the random access procedure, looking at Msg3 PUSCH, PRACH, Msg4 etc). Naturally, as is also done in LTE and in countless other communication protocols, it was decided that the increased coverage was to be done mainly through repetitions. Furthermore, the coverage improvements for the uplink was prioritized during the study item due to weaker uplink. As downlink was down-prioritized the main focus was on FR2 for downlink. For the work item only uplink has been considered, which includes PUSCH and PUCCH. 
In the subsequent work item [1], the methods that are being specified that will improve the coverage can broadly be categorized and sub-categorized into the following, along with a short explanation of each category:
· PUSCH
· Type A repetitions of PUSCH transmissions – this is the most obvious improvement that is partly already possible in NR Rel-15, and was one of the key features for Rel-13 LTE-M and NB-IoT. 
· Transport Block processing over multi-slot PUSCH – Spreads out the transport block over multiple slots. 
· Joint channel estimation over multiple slots – This allows for improved channel estimation, which improves channel estimation that in turn improves the coverage of PUSCH. 
· Type A PUSCH repetitions for Msg3 – This allows for coverage with lower DCI overhead during the random access procedure, which has historically been considered one of the more challenging parts of 3GPP-based technologies coverage-wise. 
· PUCCH
· Enable dynamic repetitions of PUCCH – This is mainly to enable control of the number of repetitions of PUCCH transmissions, allowing coverage with reduced overhead. 
· Bundling of DMRS across PUCCH repetitions – Similar to the JCE for PUSCH, i.e methods to do channel estimation over multiple PUCCH transmissions.  
From the above it is important to recognize that RAN1/RAN4 are not only specifying the protocol means in order to simply schedule repetitions, but also methods and protocols such that the uplink processing of repetitions is beneficial. 
2.1 RAN2 impacts
It is important to early on consider possible impacts from the work in RAN1/RAN4 on RAN2 specification, as the coverage enhancement feature has mostly been driven by RAN1/RAN4 due to the close nature of coverage enhancements and physical layer processing. From the objectives of the work item [1] we analyse the potential RAN2 impacts in Table 1. The two RAN2 specifications that are expected to be impacted in one way or another is likely to be limited towards MAC and RRC. 
Table 1: RAN2 impact table for Coverage Enhancement WID. 
	WID Item
	Impact
	RAN2 spec 
	Expected impact

	Specification of PUSCH enhancements [RAN1, RAN4]

	Increasing the maximum number of repetitions up to a number to be determined during the course of the work.
	Not expected to make much of an impact as repetitions are already possible through bundling which is already addressed, and since the values are only increased there are not much impact expected except for clarifications.  
	RRC and MAC
	Small - Implementing RRC parameters and clarifying MAC spec

	The number of repetitions counted on the basis of available UL slots.
	This is expected to be handled in RAN1 specifications as MAC specifications will not tell a UE in what specific slots that something should be transmitted except for configured grant. 
	N/A
	

	TBS determined based on multiple slots and transmitted over multiple slots. 
	TBoMS – Transport Block over Multiple Slots could potentially have impacts in MAC specifications, however the calculation of the transport block size is expect to mainly be done in RAN1 specifications. There could be potential impacts and clarifications in HARQ procedures as well as when certain timers shall be started etc. 
	RRC and MAC
	Small - Implementing RRC parameters and smaller changes to MAC spec

	Specify mechanism(s) to enable joint channel estimation [RAN1, RAN4]
	JCE and DMRS is not mentioned in the MAC specification, thus it is unlikely that such will have an impact. 
	NA
	None expected. 

	Specification of PUCCH enhancements [RAN1, RAN4]

	Specify signaling mechanism to support dynamic PUCCH repetition factor indication [RAN1]
	There could be impacts on MAC specifications if the PUCCH repetition factor is dependent on the use case, such as scheduling request or similar, otherwise the PUCCH repetition is unlikely to have any impact. 
	RRC
	Small - Implementing RRC parameters.

	Specify mechanism to support DMRS bundling across PUCCH repetitions [RAN1, RAN4]
	Not expected to have any impact. 

	NA
	None

	Specify mechanism(s) to support Type A PUSCH repetitions for Msg3 [RAN1, RAN2]

	
	This is expected to have large impacts on MAC specification, in particular the random access procedure. This is covered in-depth in section 2.2. 
	MAC and RRC
	Significant



For the specification effort and need to adapt the MAC procedures, it worth to mention that while repetitions are usually scheduled, one could expect that there will be changes required in MAC specifications to reflect that repetitions are scheduled, that timing is sufficiently adapted etc. However, since the exact time instances (slot or subframe) are usually abstracted away from the MAC specifications. While there are certain exceptions to this, such as in the HARQ procedures (see below), they are usually limited. Thus we would expect quite limited changes due to the mere introduction of repetitions. 
Example from MAC specification on from introducing repetitions: 
	The maximum number of transmissions of a TB within a bundle of the dynamic grant or configured grant is given by REPETITION_NUMBER as follows:
-	For a dynamic grant, REPETITION_NUMBER is set to a value provided by lower layers, as specified in clause 6.1.2.1 of TS 38.214 [7];
-	For a configured grant, REPETITION_NUMBER is set to a value provided by lower layers, as specified in clause 6.1.2.3 of TS 38.214 [7].
If REPETITION_NUMBER > 1, after the first transmission within a bundle, at most REPETITION_NUMBER – 1 HARQ retransmissions follow within the bundle. For both dynamic grant and configured uplink grant, bundling operation relies on the HARQ entity for invoking the same HARQ process for each transmission that is part of the same bundle. Within a bundle, HARQ retransmissions are triggered without waiting for feedback from previous transmission according to REPETITION_NUMBER for a dynamic grant or configured uplink grant unless they are terminated as specified in clause 6.1 of TS 38.214 [7]. Each transmission within a bundle is a separate uplink grant delivered to the HARQ entity.



[bookmark: _Toc79092714]Due to Rel-15 supporting repetitions, the impacts of scheduled Type A PUSCH repetitions introduced in coverage enhancements is likely to be limited on RAN2 specifications.
2.2 	Msg3 repetitions
During the study item several different repetition-schemes during the random access procedure was discussed. Out of all channels (PRACH, PDCCH, PDSCH, PUSCH etc) and messages (Msg1, Msg2, Msg3, MsgA, MsgB etc) used during the random access procedure it was decided that Msg3/PUSCH was to be enhanced. 
Due to random access largely being defined in combined effort between RAN1 and RAN2, the largest RAN2 impact is expected out of the following from the WID: 
· Specify mechanism(s) to support Type A PUSCH repetitions for Msg3 [RAN1, RAN2]
RAN1 has made several agreements related to Type A PUSCH msg3 repetitions. All the related agreements can be seen in Annex A. A number of agreements are more likely to have more RAN2 impact than others. 
One of the most significant agreements is: 
	Agreement:
· For requesting Msg3 PUSCH repetition, support the following:
·  Use separate preamble with shared RO configured by the same PRACH configuration index with legacy UEs.
· FFS whether to introduce a PRACH mask to indicate a sub-set of ROs associated with a same SSB index within an SSB-RO mapping cycle for requesting Msg3 repetition for a UE. 
· FFS definition of shared RO (e.g., whether the shared RO can be an RO with preamble(s) for 4-step RACH only or with preambles for both 4-step RACH and 2-step RACH).
· FFS whether or not to additionally support one (& only one) more option:
· E.g., option 2: Use separate RO configured by a separate PRACH configuration index from legacy UEs
· E.g., Option 3: Use separate RO, which include
· the separate RO configured by a separate RACH configuration index from legacy UE, and
· the remaining RO (if any) configured, by the same PRACH configuration index with legacy UEs, that cannot be used by legacy rules for PRACH transmission.



For the discussion of the impact of this agreement we refer to the discussion in the RACH partitioning agenda item and the contribution [3]. This agenda item treats the combined RACH partitioning that is being discussed in RedCap, Slicing, Small data in addition to Coverage enhancements [RAN2#115e agenda].
Another important agreement that will have RAN2 impact is the following: 
	Agreement: A UE requests Msg3 PUSCH repetition at least when the RSRP of the downlink pathloss reference is lower than an RSRP threshold.
· FFS the determination of the RSRP threshold.



The above agreement means that a UE selects the resources that signal that Msg3 repetitions are needed depends on an RSRP threshold, which is the based on the downlink pathloss reference. RSRP threshold usage is likely similar to 2-step random access, where an RSRP threshold is used to determine whether the UE shall perform 2-step or 4-step random access if both are configured. The above agreement is important as it is a first step on how the random access procedures will work for Type A PUSCH Msg3 repetitions. The main work for RAN2 will be to design the random access procedures for Type A PUSCH Msg3 repetitions. 
[bookmark: _Toc79092715]The main work for RAN2 will likely be to design the random access procedures for Type A PUSCH msg3 repetitions.
[bookmark: _Toc79092724]RAN2 to focus on random access procedure design for Type A PUSCH msg3 repetitions.

2.2.1 Random access procedures for indicating Msg3 repetitions
The random access procedure is the procedures at which random access is performed, which includes how the preamble, RAR, Msg3 and Msg4 should be received and transmitted. An attempt to divide up the random access procedure according to the MAC specification can be done following the random access sections in MAC: 
· Random access procedure initialization – This is the initialization of all possible RRC configured values, initialization of the state variables and procedural selection of certain resources. 
· Random access resource selection – This includes the selection of the SSB, preamble groups, selection of PRACH resource as well as selection of the individual preamble. It also includes some re-selection of resources for some certain cases. 
· Random access preamble transmission – This includes setting the transmitted preamble and selecting the RNTI. 
· Random access response reception – Procedures for how to receive the response after having transmitted the preamble as well as scheduling msg3. 
· Contention Resolution – Procedures after having transmitted msg4 which includes how to deal with contentions as well as setting the RNTI and how to restart the random access procedure in case of failure. 

As an example of what the random access procedure design might entail, which is not obvious, is the relationship between the newly agreed RSRP threshold and other thresholds that are used in the random access procedure. From the 4-step random access RRC configuration, we can see that there are a number of thresholds that are used for random access. These include rsrp-ThresholdSSB, rsrp-ThresholdSSB-SUL, messagePowerOffsetGroupB and msgA-RSRP-Threshold. 
[bookmark: _Toc79092716]The relationship between the newly introduced RSRP threshold and the legacy thresholds needs to be determined.
As a sub-example to illustrate the issue, it needs to be determined whether the UE shall for instance first select the SSB and then select the PRACH resources for signaling Msg3 repetitions, or whether the UE shall first select the PRACH resources for signaling Msg3 repetitions and then the SSB. This might have different effect on how the random access protocol with Msg3 repetitions will function.
2.2.2 Random access procedure initialization and resource selection
Here we discuss more details on the random access procedure related to Msg3 repetitions. 
Random access procedure initialization and resource selection
A large part of the initialization in MAC is quite simple, following the below example: 
	RRC configures the following parameters for the Random Access procedure:
-	prach-ConfigurationIndex: the available set of PRACH occasions for the transmission of the Random Access Preamble for Msg1. These are also applicable to the MSGA PRACH if the PRACH occasions are shared between 2-step and 4-step RA types;
. . .



And the initialization of the UE variables: 
	The following UE variables are used for the Random Access procedure:
-	PREAMBLE_INDEX;
. . .


The initialization of the random access resources that are related to Msg3 repetitions need to be done as is done for 2-step and 4-step random access. This specification impact might differ depending on whether separate random access configuration will be available for Msg3 repetitions or not. 
As part of the initialization the UE needs to select between either performing 2-step random access or 4-step random access: 
	1>	else if the BWP selected for Random Access procedure is configured with both 2-step and 4-step RA type Random Access Resources and the RSRP of the downlink pathloss reference is above msgA-RSRP-Threshold; or
1>	if the BWP selected for Random Access procedure is only configured with 2-step RA type Random Access resources (i.e. no 4-step RACH RA type resources configured); or
1>	if the Random Access procedure was initiated for reconfiguration with sync and if the contention-free Random Access Resources for 2-step RA type have been explicitly provided in rach-ConfigDedicated for the BWP selected for Random Access procedure:
2>	set the RA_TYPE to 2-stepRA.
1>	else:
2>	set the RA_TYPE to 4-stepRA.



Furthermore, the variables related to specific random access types are selected in 5.1.1a. After having performed all of this the UE shall select the SSBs in 5.1.2: 
	2>	if at least one of the SSBs with SS-RSRP above rsrp-ThresholdSSB is available:
3>	select an SSB with SS-RSRP above rsrp-ThresholdSSB.
2>	else:
3>	select any SSB.



Thus the question is whether for Type A PUSCH Msg3 repetitions, if the UE shall first select the random access method and then select the SSB, or the other way around. The reason why this is important is because having the selection being before or after the SSB selection might have different procedures. 
[bookmark: _Toc79092717]When the selection of Msg3 repetitions is performed could produce different behaviours.
Furthermore, while the selection between 2-step random access and 4-step random access will produce very different actions on the UE side, the selection between legacy 4-step and 4-step with Msg3 repetitions will decide what type of RACH resources that shall be used. 
[bookmark: _Toc79092725]It needs to be determined when the selection of PRACH resources for indicating Msg3 repetitions is performed.

Another issue that needs to be decided is whether preamble group B shall be allowed for coverage enhancements. On one hand, the key goal is to increase the coverage of the random access procedure and on another hand, repetitions of Msg3 could be key to allow for a large Msg3 payload to be delivered. In some circumstances this could be more energy efficient, i.e. to allow for Msg3 repetitions to deliver the Msg3 payload without having to go through more data transmissions after the random access procedure. 
[bookmark: _Toc79092726]RAN2 needs to discuss whether preamble group B shall be allowed for coverage enhancements.

2.2.3 Random access preamble transmission
Similarly, for 2-step random access, selecting an RA-RNTI becomes an issue. If shared RACH resources for legacy 4-step and 4-step indicating msg3 repetitions are allowed, then RA-RNTI is not a problem since RA-RNTI used can be from the same space as the legacy 4-step. 
[bookmark: _Toc79092718]If shared RACH resources for legacy 4-step and 4-step indicating msg3 repetitions are allowed, RA-RNTI is not an issue.
The issue arises when there are separate RACH resources, and the UE needs to select the RA-RNTI. If the legacy RA-RNTI selection is used, then there is the possibility that two UEs select the same RA-RNTI from two different RACH resources. 

[bookmark: _Toc79073425][bookmark: _Toc79092719]If separate RACH resources for legacy 4-step and 4-step indicating msg3 repetitions are allowed RA-RNTI could be an issue.
Another issue related to random access preamble transmission is how the power ramping for 4-step random access indicating msg3 repetitions is supposed to function. 
[bookmark: _Toc79092720]Power ramping for 4-step random access indicating Msg3 repetitions also needs to be considered.
2.2.4 Random access response reception
As is well known, the RAR contains the grant for Msg3 PUSCH. For coverage enhancements, this means that whether Msg3 repetitions shall be performed or not will be scheduled by the RAR. 
In RAN1#105-e meeting, the following working assumption can be seen:  
	Working assumption:
· Using an information field from the existing information fields in RAR UL grant for indication of the number of repetition of Msg3 initial transmission 
· Down-select only one from the following information fields in RAR UL grant for indication of the number of repetition of Msg3 initial transmission. 
· TDRA information field with introducing a new TDRA table including the repetition factors.
· MCS information field
· TPC information field
· CSI request information field
· FDRA information field
· The total size of RAR UL grant does not change.
· Position of all fields in the bit sequence of the RAR UL grant does not change, regardless of whether they are repurposed or not.
FFS details, e.g., TDRA table selection, or whether/how to indicate which interpretation UE should use for the repurposed information field (legacy vs repurposed interpretation) etc


While this is still a working assumption, it is worth discussing the implications of the possible agreement. This would mean that RAN1 will not introduce a new RAR, but rather re-purpose some of the fields in RAR to indicate that msg3 repetitions shall be performed or not. 
[bookmark: _Toc79092721]With current RAN1 working assumption, there will not be a new RAR but it will be re-purposed.
This means that the UE need to determine how to interpret the RAR. In Contention Based Random Access this is quite clear, mainly because the UE will already know what resource has been selected. Thus if the UE selects the resources to indicate that Msg3 repetitions are needed, then it shall be clear for the UE that the RAR should interpret the fields as if Msg3 repetitions are signalled. Similarly, if the network receives a preamble on resources that indicates that Msg3 repetitions are signalled, the network shall only reply with the suitable RAR – the PRACH resources for Msg3 repetitions essentially acts as capability indicator of Msg3 repetitions. In the case of legacy 4-step preambles are transmitted/received it shall also be clear for the UE/network that RAR where the fields are not re-purposed are used. 
[bookmark: _Toc79092722][bookmark: _Toc79087187][bookmark: _Toc79087205][bookmark: _Toc79087188][bookmark: _Toc79087206]For CBRA it should be clear for the network and UE what RAR should be transmitted and received.
2.2.5 Contention resolution
For performing the actions related to the concept of contention resolution, it is unlikely that there are any impacts related to indicating Msg3 repetitions. However, in the “Contention resolution” subsection in the MAC specification there are other procedures that are not necessarily related to resolving the contention. 
[bookmark: _Toc79092723]Contention resolution is unlikely to be affected for indicating Msg3 repetitions. 
The main possible impact on 4-step random access indicating Msg3 repetitions is that of the switching behaviour when 4-step or 2-step random access has failed a number of times. 
The switching (to be distinguished from the fallback, which is the action of falling back when receiving fallbackRAR) behaviour from 2-step to 4-step random access illustrated in the following case:
	3>	else (i.e. the RA_TYPE is set to 2-stepRA):
4>	if msgA-TransMax is applied (see clause 5.1.1a) and PREAMBLE_TRANSMISSION_COUNTER = msgA-TransMax + 1:
5>	set the RA_TYPE to 4-stepRA;
5>	perform initialization of variables specific to Random Access type as specified in clause 5.1.1a;
5>	flush HARQ buffer used for the transmission of MAC PDU in the MSGA buffer;
5>	discard explicitly signalled contention-free 2-step RA type Random Access Resources, if any;
5>	perform the Random Access Resource selection as specified in clause 5.1.2.


Thus, the question is whether there shall be switching behaviour between signalling legacy 4-step random access and signalling Msg3 repetitions. There is a clear benefit of being able to fallback from legacy 4-step random access and to 4-step random access indicating Msg3 repetitions, as it most likely will be that Msg3 repetitions will provide better coverage. The alternative would be a type of switching based on first declaring RLF and then returning to perform random access and comparing the threshold once again to determine that Msg3 repetitions would be required. 
[bookmark: _Toc79092727]RAN2 to discuss switching behaviour related to 4-step random access indicating Msg3 repetitions.

3 Conclusion
In the previous sections we made the following observations: 
Observation 1	Due to Rel-15 supporting repetitions, the impacts of scheduled Type A PUSCH repetitions introduced in coverage enhancements is likely to be limited on RAN2 specifications.
Observation 2	The main work for RAN2 will likely be to design the random access procedures for Type A PUSCH msg3 repetitions.
Observation 3	The relationship between the newly introduced RSRP threshold and the legacy thresholds needs to be determined.
Observation 4	When the selection of Msg3 repetitions is performed could produce different behaviours.
Observation 5	If shared RACH resources for legacy 4-step and 4-step indicating msg3 repetitions are allowed, RA-RNTI is not an issue.
Observation 6	If separate RACH resources for legacy 4-step and 4-step indicating msg3 repetitions are allowed RA-RNTI could be an issue.
Observation 7	Power ramping for 4-step random access indicating Msg3 repetitions also needs to be considered.
Observation 8	With current RAN1 working assumption, there will not be a new RAR but it will be re-purposed.
Observation 9	For CBRA it should be clear for the network and UE what RAR should be transmitted and received.
Observation 10	Contention resolution is unlikely to be affected for indicating Msg3 repetitions.

Based on the discussion in the previous sections we propose the following:
Proposal 1	RAN2 to focus on random access procedure design for Type A PUSCH msg3 repetitions.
Proposal 2	It needs to be determined when the selection of PRACH resources for indicating Msg3 repetitions is performed.
Proposal 3	RAN2 needs to discuss whether preamble group B shall be allowed for coverage enhancements.
Proposal 4	RAN2 to discuss switching behaviour related to 4-step random access indicating Msg3 repetitions.
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