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Introduction
The Rel-17 study item “Study on NR coverage enhancements” evaluated the baseline performance for both FR1 and FR2. PUSCH of Msg.3 has been identified as the potential bottleneck channels for both FR1 and FR2. As supported in the Rel-17 work item on NR coverage enhancements [1], the Msg.3 enhancement by using PUSCH repetition type A is approved.
This contribution discusses the aspects related to the enhancements for type A PUSCH repetitions for Msg3.
Discussion
Since support of Msg3 PUSCH repetitions is likely to be a UE optional feature (either as an independent UE feature or as one part of the joint UE feature), whether or not the gNB needs to know the UE’s capability to support such feature needs to be discussed. Along with the repetition related configuration and the beam determination for the repetitions, this section considers the application of PUSCH enhancement techniques considered for normal PUSCH.
UE capability differentiation 
As discussed in last meeting,  the following option 2-1 are agreed :

Agreement: For Msg3 PUSCH repetition,  support the following modified Option 2-1. 
· Option 2-1: For UE requested triggered Msg3 PUSCH repetition with gNB indicating the number of repetitions,
· A UE can request trigger RACH procedure with Msg3 PUSCH repetition via separate PRACH resources (FFS details, e.g., separate PRACH occasion or separate PRACH preamble in case of shared PRACH occasions after SSB association, etc.).
· Whether a UE would request trigger is based on some conditions, e.g., measured SS-RSRP threshold, which may or may not have spec impact.
· If Msg3 PUSCH repetition is requested triggered by UE, gNB decides whether to schedule Msg3 PUSCH repetition or not. If scheduled, gNB decides the number of repetitions for Msg3 PUSCH 3 (re)-transmission.  
· FFS the UE capability of supporting Msg3 PUSCH repetition can be reported after initial access procedure as usual
· FFS details if any.

While two issues left undecided are using what RACH resources to separate the msg3 repetition and whether support UE capability report on msg3 repetition after initial access. 
· PRACH resource
The concern on using separate RO is that the separate RO configuration (by a new RPACH configuration index) will have strong impact on the regular RACH procedure, gNB will have the overhead to accommodate multiple SSB-RO mapping pattern, especially with the burden to align the beam capability (e.g., single beam at one time) to the RO configuration. In R15/16, two RACH types are already supported, thus building another RACH procedure should be prevented from the work for CE, which should be built on top what current (4step) RACH has. Thus, it is more feasible for gNB to (partially shared) the ROs per SSB to use separate preambles, which is particularly after SSB-RO association.
Proposal 1: separate preamble on (partially) shared ROs per SSB after SSB-RO association is supported.

· UE capability reporting
For understanding the logic behind this proposal, one may argue the benefits of such report is that, for example,  knowing the number of UEs needed Msg3 repetition (by request) and the number of UEs supporting Msg3 repetition (by this proposal) would help NW find a more appropriate PRACH configuration based on it’s monitoring. However, it’s true that UE will request msg3 repetition based RSRP threshold, so “number of UEs needed Msg3 repetition (by request)” could be either initial access UE or connected UE and its connection to the number of UEs in this cell who reports they support msg3 repetition is quite questionable. For example, in a given moment, there are 10 UEs request msg3 repetition, and by reporting, gNB knows there are 100 UEs are capable of msg3 repetition, then gNB can assume it should assign 10% of the RACH resource for msg3 repetition? If this is case, whether this is a reasonable assumption or not should be discussed.  If msg3 repetition is just reported as one feature item in whole CE package, it is not much spec impact anyway. But as RAN plenary discussed, redcap will discuss the msg3 repetition as well, and likely they might have such capability as well, so whether this msg3 repetition will be separately listed from CE and Redcap is unknown. Besides, the current proposals does sound like there is a condition to report this capability, which is not preferred.
Proposal 2: From CovEnh perspective, reporting UE capability of supporting Msg3 PUSCH repetition is not necessary.

Repetition number indication
During last meeting, the repetition number indication for msg3 initial transmission and re-transmission has been decided to use the UL grant in RAR and DCI with CRC scrambled by TC-RNTI, respectively.  	
Agreements: For indication of the number of repetitions for Msg3 initial transmission, Option 1 (i.e., using UL grant scheduling Msg3) is adopted.
· FFS additionally using MAC RAR for indication.

Agreements: For indication of the number of repetitions for Msg3 re-transmission, Option 1 (i.e., using DCI format 0_0 with CRC scrambled by TC-RNTI) is adopted. 


The next step is to determine what the actual indication method to be used is. For indication using UL grant (in RAR) for msg3 initial transmission, in which the existing fields are given below.
Table 8.2-1: Random Access Response Grant Content field size
	RAR grant field
	Number of bits

	Frequency hopping flag
	1

	PUSCH frequency resource allocation
	14, for operation without shared spectrum channel access 
12, for operation with shared spectrum channel access

	PUSCH time resource allocation
	4

	MCS
	4

	TPC command for PUSCH
	3

	CSI request
	1

	ChannelAccess-CPext
	0, for operation without shared spectrum channel access
2, for operation with shared spectrum channel access



Among which several items are not likely to be touched, like FH flag, frequency resource allocation, TPC command, thus it leaves the choice of changing the rest:
· Option 1: TDRA indication with a new TDRA table containing the repetition number indication
This option seems easiest way without impact the structure the RAR UL grant, however, it indeed limit the repetition number could be configured, e.g., for a 4bit indication of a 16 row TDRA table, each row has one number of repetition. 
· Option 2: using explicit bit indication of repetition number 
This option could provide the flexible repetition number indication in combine with the TDRA row. The cost is that some flexibility on the MCS configuration needs to be limited. Currently MCS has 4bits indicating the 16 possible MCS, while for msg3 repetition necessary UE, these flexibility may not be needed, e.g., we can use only 2 bits to indicate 4 MCS settings, and use the 2 bits (e.g., 2 MSBs) to indicate a 4 choices of repetition number. Of course, the size of the bit needed for the repetition indication is dependent on how many repetition number we need to indicate. For example, if only 2 values for repetition number, then use CSI request bit seems also possible.
On the other hand, for the indication in the DCI format targeting for the msg3 retransmission, there could be two options as well:
·  Option 1: TDRA indication with a new TDRA table containing the repetition number indication
This option is to follow up the options in initial msg3 transmission if the new TDRA table is adopted.
· Option 2: using explicit/reserved  bit indication of repetition number 
In DCI 0_0 to schedule msg3 retransmission, the DCI field seems have enough reserved  bits e.g., New data indicator – 1 bit, reserved or HARQ process number – 4 bits, reserved; with this flexibility, it is totally feasible to indicate the repetition number separately.
Thus, we suggest deciding the indication of repetition number for both initial and retransmission in a more consistent manner, which is using same manner to indicate repetition number in both cases.
Proposal 3: for indication number of repetition in msg3 initial transmission and retransmission, considering following two options:
· Option 1: TDRA indication with a new TDRA table containing the repetition number indication
· Option 2: using explicit bit indication of repetition number (in MCS or CSI request in RAR UL grant or spare/reserved bits in DCI0_0)
One more issue to consider if new TDRA table is adopted, is that, which TDRA table is to be applied for the indicated 4bit TDRA. The reason is that, even if UE requests the msg3 repetition with the separate preambles, the gNB could still refuse to configure the msg3 repetition due to lack of the resource or load balancing etc. Thus, the gNB either need to indicate the row in new TDRA table with repetition number to be 1 or indicate the row in legacy TDRA table. If we only limit the usage of the row(s) in new TDRA table with repetition number to be 1, which is a very few rows if there will even be any, the choice for the TDRA will be quite conservative and not acceptable for gNB scheduling. Thus, there will be a need to indicate which TDRA table to be applied in case of UE request msg3 repetition but not configured by gNB. 
Proposal 4: An indication of TDRA  table to be applied is supported if new TDRA table is supported.

Beam determination
In Rel-16, the msg3 spatial setting is left to UE implementation and refinement of spatial setting from msg1 tx to msg3 tx was not finalized. For 2-step RACH, the PRACH and msgA PUSCH are specified to use a same spatial setting. Thus, from practical consideration, after a UE successfully detects a RAR corresponding to the transmitted preamble, that implies the spatial setting used for the PRACH transmission is qualified. There is no strong/identifiable motivation to change the spatial setting for msg3 PUSCH. Also, the relation between msg1 and msg3 affects power control as the msg.3 power is inherited from the msg.1 power setting with some msg.3-specific modification. Therefore, if the UE changes the spatial setting for msg.3 transmission compared to the one for msg1 transmission, the power setting may not be accurate. Thus, it is reasonable to use same spatial setting for msg.3 and msg.1. 
Proposal 5: The repetitions for the msg3 PUSCH transmission that is scheduled by RAR use the same beam (spatial setting) as the one for the corresponding PRACH transmission. 
Once UE send the first msg3, the contention resolution timer starts and it can last 64ms. Then for the msg3 retransmission scheduled by DCI 0-0 scrambled by TC-RNTI, the preamble beam may not be very stable due to a relatively long time that passed. Thus, it can be beneficial to allow the UE to select the beam to use for the msg3 re-transmissions. 
Proposal 6: The UE can select the beam for msg3 re-transmissions.
DCI Monitoring after msg3 transmission
In Rel-16, upon sending msg3, a UE starts the ra-ContentionResolutionTimer, during which it monitors for a DCI format 1_0 scheduling the PDSCH carrying msg4 or format 0_0 for msg3 retransmission. With msg3 repetitions allowed, there are different options for enabling such a DCI monitoring.
Option 1: The UE can start the monitoring after the end of the first msg3 transmission occasion among the set of scheduled msg3 repetitions. This option allows the UE to efficiently complete the RACH procedure once at least one msg3 transmission is correctly received by the gNB. 
Option 2: The UE can start the monitoring after the end of the last msg3 repetition. This provides the easiest design of the procedure from a UE implementation. However, this comes at the expense of possible latency in the RACH procedure due to the transmission of possibly unneeded msg3 repetitions.
Proposal 7: Support starting	DCI Monitoring after the end of the first msg3 transmission.
Frequency hopping
In last meeting, the inter-slot frequency hopping is agreed to be supported for msg.3 repetition. 

Agreements:
Support inter-slot frequency hopping for repetition of Msg3 initial and re-transmission.
FFS details, e.g., signaling etc.






The left issue is whether we should additionally support intra-slot FH. In legacy msg3 transmission (since there is no repetition), the intra-slot FH is the only choice for FH operation. Considering inter-slot is already supported, we need carefully study whether intra-slot FH is still necessary.
For the purpose of obtaining frequency diversity gain, we think inter-slot FH can already provide such effect. One additional purpose from the proponent of intra-slot FH is that the better resource utilization as shown in following figure. 

[image: ]
However, in order to achieve the nicely fitting of legacy UE (UE 1 and UE 2) and new type of UE (UE 3), there are several conditions to be satisfied:
· The time domain resource allocation of three UEs need to be nicely aligned, i.e., the time domain starting positioning, the length of the transmission; 
· The frequency domain resource allocation of three UEs need to be nicely aligned, i.e., the f-domain starting positioning, the number of PRBs allocated; 
Moreover, even we consider above conditions are fulfilled, for a given time period, there are N legacy UEs’ msg3 resource to be allocated, there could be only one UE left out for no legacy UE to be paired with when N is odd number. It is difficult to see the true benefits of supporting this feature. 
In addition, if we think the above case is a beneficial case to be supported, then for the same benefits and same reason, we should also support enable both intra-slot FH and inter-slot FH. As shown in following figure, if the UE1 and UE2 originally allocated to different F-domain positioning, which is totally possible, to better fit the new UE (UE 3), we probably need to support enable intra-slot FH and inter-slot FH for UE3 at the same time. 
[bookmark: _GoBack][image: ]
Observation 2: the benefits of better resource utilization on intra-slot FH for msg3 repetition are not clear. 
Proposal 8: intra-slot FH is not supported for msg3 repetition.
Available slots for msg3 repetition
Working assumption: The number of repetitions is counted on the basis of available slots for Type A PUSCH repetitions for Msg3.
· FFS: the determination of available slots.

During last meeting, the working assumption on determination of msg3 repetition by the “available” slot was made, however, due to following reasons; it suggests not confirming the working assumption. 
· The benefits are not clear. By using the available slot concept, the purpose seems to ensure a certain number of slots could be actually used for the transmission. However, such purpose could be achieved by simply configure a relatively large number of slots, because gNB holds the information which slot could be used or not. Thus, purely reuse the current Type A repetition for msg3 is preferred. 
· The effort is quite much. In order to define the available slot, a similar but not the same debating on what the determination rule is will be needed as for other agenda enhancing type A repetition. Because msg3 will be applied to both initial access UE and RRC connected UE, the information for rules needs to be cell-specific. Besides, there will be a window needed for preventing the determination lasting too long since msg3 also holds a certain level of latency. After all, msg3 retransmission is still supported and could be used to back up the msg3 repetition. 
Proposal 9: the working assumption on determination of msg3 repetition by the “available” slot is NOT confirmed. The reuse of the current Type A repetition for msg3 is preferred.
Other PUSCH enhancement techniques
Several proposals for coverage enhancement of non-msg3 PUSCH were made, e.g., time domain, frequency domain and power domain solutions. However, for Msg.3 PUSCH, contention resolution is not yet complete and the TBS is small.  It is unclear whether it is necessary, or even possible without additional designs, to apply all enhancements for non-msg3 PUSCH to msg.3 PUSCH. For example, a TB over multiple slots may not be necessary but the DMRS sharing/bundling techniques may be useful for msg3 PUSCH repetitions as well. The applicability of solutions for coverage enhancements of ‘normal’ PUSCH to msg.3 PUSCH should be separately considered for each solution.
Observation 3: The applicability of solutions for coverage enhancements of ‘normal’ PUSCH to msg.3 PUSCH should be separately considered for each solution.
Conclusion
This contribution discusses the potential enhancements on channels in initial access procedure. Observations and proposals are summarized as follows: 
Proposal 1: separate preamble on (partially) shared ROs per SSB after SSB-RO association is supported.
Proposal 2: From CovEnh perspective, reporting UE capability of supporting Msg3 PUSCH repetition is not necessary.
Proposal 3: for indication number of repetition in msg3 initial transmission and retransmission, considering following two options:
· Option 1: TDRA indication with a new TDRA table containing the repetition number indication
· Option 2: using explicit bit indication of repetition number (in MCS or CSI request in RAR UL grant or spare/reserved bits in DCI0_0)
Proposal 4: An indication of TDRA  table to be applied is supported if new TDRA table is supported.
Proposal 5: The repetitions for the msg3 PUSCH transmission that is scheduled by RAR use the same beam (spatial setting) as the one for the corresponding PRACH transmission. 
Proposal 6: The UE can select the beam for msg3 re-transmissions.
Proposal 7: Support starting	DCI Monitoring after the end of the first msg3 transmission.
Observation 2: the benefits of better resource utilization on intra-slot FH for msg3 repetition are not clear. 
Proposal 8: intra-slot FH is not supported for msg3 repetition.
Proposal 9: the working assumption on determination of msg3 repetition by the “available” slot is NOT confirmed. The reuse of the current Type A repetition for msg3 is preferred.
Observation 3: The applicability of solutions for coverage enhancements of ‘normal’ PUSCH to msg.3 PUSCH should be separately considered for each solution.
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