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Introduction
[bookmark: _Hlk22834419]The NR coverage enhancement SI was approved in RAN#86 and the objective is listed below [1]:

	The objective of this study item is to study potential coverage enhancement solutions for specific scenarios for both FR1 and FR2. The detailed objectives are as follows.
· The target scenarios and services include
· Urban (outdoor gNB serving indoor UEs) scenario, and rural scenario (including extreme long distance rural scenario) for FR1
· Indoor scenario (indoor gNB serving indoor UEs), and urban/suburban scenario (including outdoor gNB serving outdoor UEs and outdoor gNB serving indoor UEs) for FR2.
· TDD and FDD for FR1.
· VoIP and eMBB service for FR1.
· eMBB service as first priority and VoIP as second priority for FR2.
· LPWA services and scenarios are not included.
· Identify baseline coverage performance for both DL and UL for the above scenarios and services based on link-level simulation
· UL channels (including PUSCH and PUCCH) are prioritized for FR1.
· Both DL and UL channels for FR2.
· Identify the performance target for coverage enhancement, and study the potential solutions for coverage enhancements for the above scenarios and services
· The target channels include at least PUSCH/PUCCH 
· Study enhanced solutions, e.g., time domain/frequency domain/DM-RS enhancement (including DM-RS-less transmissions)
· Study the additional enhanced solutions for FR2 if any
· Evaluate the performance of the potential solutions based on link level simulation.



This contribution discusses the potential enhancements on channels other than PUSCH and PUCCH, more specifically, the channels during initial access procedure.
Beam adjustment in initial access 
During initial cell search, the UE acquires/detects an SS/PBCH block transmitted by the gNB. The gNB can transmit multiple SS/PBCH blocks with different quasi-collocation properties (beams), and the UE acquires the SS/PBCH block associated with the quasi-collocation properties that best match the ones of the UE. Then, assuming beam reciprocity for DL receptions and UL transmissions, the UE transmits PRACH according to the spatial setting that is determined from the detected SS/PBCH block. 
In order to minimize the overhead associated with the SS/PBCH blocks, the gNB transmits a SS/PBCH block with a relatively wide beam in order to cover a wide area of the cell. Typically, there is a coverage imbalance between DL receptions and UL transmissions. To compensate for such coverage imbalance, the UE can transmit a PRACH with a narrower beam including changing the spatial setting of the PRACH transmission when the UE does not detect a RAR message addressing the UE in response to the PRACH transmission. The UE may use the same spatial setting as for a PRACH transmission to transmit a Msg3, and the PUCCH corresponding to msg.4 uses the same spatial setting as that for latest msg3 transmission. The spatial setting that the UE uses to transmit PRACH and Msg3 is unknown to the gNB. After RRC connection, when the UE is provided by the gNB the configuration for PUCCH resources, the UE is also provided a spatial setting for PUCCH transmissions. As the gNB is not aware of the spatial setting the UE used to transmit PRACH or Msg3 PUSCH, or other PUSCH prior to the UE being provided PUCCH resources and a spatial setting for PUCCH transmissions, the spatial setting for the PUCCH transmissions can be different than the one the UE used to establish RRC connection. Unlike PUSCH transmissions, PUCCH transmissions cannot benefit from HARQ retransmissions and an incorrect spatial setting can result to link failure. The UE may then have to re-establish an RRC connection or initiate a link failure recovery procedure, which would result in additional latency and degradation of the quality of service. 
To establish a common understanding between the serving gNB and the UE of the spatial setting the UE applies to a PRACH transmission or to a Msg3 PUSCH transmission, the UE can report the spatial setting in a MAC CE provided by Msg3 or by a subsequent PUSCH transmission. To do so, the UE needs to be provided a set of spatial settings by the gNB in order to indicate one of them. The UE can select a spatial setting from the set of spatial settings for PRACH/Msg3 transmission.  The selection of a different spatial setting can be beneficial for PRACH transmission when the UE does not detect a RAR message scheduling a Msg3 PUSCH transmission after the transmission of PRACH with certain spatial setting, or for Msg.3 retransmission.
One important aspect is the compensation of beam forming gain. During the initial access procedure, the UE is not required to keep tracking the beams, so it’s possible that the beam selected in the early stage will become invalid (or not good) at the later stage of initial access. For example, the SSB selected for msg.1 transmission may not be a good beam for msg.3/4 DL reception from UE perspective due to environment change or mobility.  Thus, the beam refinement for initial access procedure can be considered. Moreover, both DL and UL beam refinement for initial access could include the finer beam reference signal measurement and also beam selection/reporting during the procedure.
Observation 1: A serving gNB and a UE need to have common understanding of the spatial setting the UE applies to a PRACH transmission or to a Msg3 (or MsgA) PUSCH transmission.       
Proposal 1: Study beam adjustment mechanism for initial access.


[image: ]
Fig. 1- illustration of beam pair between gNB and UE

Msg1
In NR Rel-16, a UE can re-transmit Msg1 using a different beam than in a previous Msg1 transmission when the UE does not receive a RAR for the UE corresponding to the previous Msg1 transmission. Because the UE can use only one beam per Msg1 transmission,  a time required for the UE to complete initial access would be longer, on average, than if the UE could transmit Msg1 using multiple beams. The longer initial access time may also increase the possibility that the SSB the UE selected and obtained system information does not remain the “best” SSB, for example due to UE mobility. 
Observation 2: The limitation of transmitting Msg1 using only one beam results to longer access delay.
To improve coverage for MSg1 and to enable transmission from different beams, an RO bundle can be considered for Msg.1 transmission enhancement. An RO bundle includes a number of ROs and the UE can transmit the Msg.1 per RO bundle instead of only per one RO. The benefits of using an RO bundle include:
1. Transmitting preambles from multiple UL Tx beams at one RACH attempt as shown in figure 2 (a). This is particularly beneficial as a UE can identify a suitable UL Tx beam with fewer re-attempts for Msg1 transmission and thus reduce access latency;
2. The preambles in different ROs in a RO bundle could be regarded as repetitions, which can provide link budget enhancement for PRACH reception as shown in figure 2 (b). 
[image: ]
Fig.2 - RO bundle for same Tx beam an different Tx beam.

Proposal 2: Consider use of an RO bundle for Msg1 transmission. 
DL channel in random access
Transmission of msg2/4 and msg.3 PDCCH is not coverage limited  as the corresponding data rate requirement is not high. Thus with enough time/frequency resources and a low MCS setting, the BLER should be acceptable even for UEs with low geometries. According to simulation results in [3], the PDCCH BLER is typically not an issue. However, it was suggested that there may be shortage for DL channels. This can be further studied and include aspects that were not fully considered in the simulations. For example, as discussed in section 2, the selected beam may become poor due to the environment change or due to mobility, but UE/gNB cannot realize this issue in time thus lead the failure of the DL reception. Thus, one possible enhancement aspect is to have finer beam reference signal measurement to inprove the beamforming gain and beam selection/reporting to help gNB quickly understand the change of UE preferred DL beam. [image: ]
Fig. 3 – impact of preferred DL beam changed during random access
Observation 3: A change of a preferred DL beam can cause DL reception failure. 	
Proposal 3: The finer beam reference signal measurement and beam selection/reporting in random access could be further studied. 

Msg3
For a 4-step RACH procedure, the initial msg3 transmission is scheduled by the RAR and possible msg3 retransmissions are scheduled by UL grants provided by respective PDCCHs. However, relying only on HARQ retransmissions increases the latency of the random access procedure (the contention resolution timer could be up to 64ms), and the probability that the selected SSB is no longer the “best” one. Thus, support of repetitions for a msg.3 transmission is beneficial. Repetitions of a msg.3 transmission can also reduce a number of PDCCHs that need to be transmitted in order to schedule Msg3 retransmissions.  
Observation 4: Msg3 repetition could be beneficial.
NR Rel-16 supports two types of PUSCH repetition, namely type A, and type B as shown in following figure. In PUSCH repetition type A, the PUSCH transmission repetitions in each slot are identical and a repetition is dropped when it overlaps with a DL or unavailable symbol. Such requirement limits the gNB scheduling flexibility and adaptation to traffic requirements. PUSCH type B adapts to the frame structure but requires several post-handlings. For example, nominal repetitions need to be segmented at the slot boundary or around DL symbols and this may cause the actual repetition pattern to be complicated. Because each actual repetition has same information bits (i.e., rate matched), the coding rate for a short actual repetition can be relatively high and the loss of coding gain can be large.. 
[image: ]
Fig. 4 example of PUSCH repetition type A and B.

To enable full flexibility to a gNB to indicate flexible symbols of an UL-DL TDD configuration to be flexible (reserved) symbols or DL symbols while ensuring a desired reception reliability of a Msg3 PUSCH transmission without additional resource overhead, a UE can determine a number of slots over which Msg3 transmission with repetitions occurs. Using the total number of symbols calculated from the number of nominal repetitions and the number of symbols in a Msg3, the UE determines the number of slots needed to transmit Msg3 and transmission of Msg3 with the nominal number of repetitions may or may not occur. As a gNB may not have full control of the number of slots where the UE transmits the Msg3 PUSCH with repetitions, the gNB can configure whether the UE transmits an actual number of repetitions to be only in the number of slots configured to the UE for the Msg3 transmission or UE can use additional slots so that the number of symbols for the indicated nominal repetitions is achieved. 

Observation 5: Additional flexibility to the transmission of Msg3 with repetitions can be achieved by considering the total number of symbols over a number of slots for a Msg3 PUSCH transmission with repetitions. 
[bookmark: _GoBack]Proposal 4: Consider Msg3 repetition with PUSCH repetition type A/B as starting point.

Conclusion
This contribution discusses the potential enhancements on channels in initial access procedure. Observations and proposals are summarized as follows: 
Observation 1: A serving gNB and a UE need to have common understanding of the spatial setting the UE applies to a PRACH transmission or to a Msg3 (or MsgA) PUSCH transmission.       
Observation 2: The limitation of transmitting Msg1 using only one beam results to longer access delay.
Observation 3: A change of a preferred DL beam can cause DL reception failure. 	
Observation 4: Msg3 repetition could be beneficial.
Observation 5: Additional flexibility to the transmission of Msg3 with repetitions can be achieved by considering the total number of symbols over a number of slots for a Msg3 PUSCH transmission with repetitions. 
Proposal 1: Study beam adjustment mechanism for initial access.
Proposal 2: Consider use of an RO bundle for Msg1 transmission. 
Proposal 3: The finer beam reference signal measurement and beam selection/reporting in random access could be further studied. 
Proposal 4: Consider Msg3 repetition with PUSCH repetition type A/B as starting point.
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