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Introduction
This contribution discusses the potential enhancements on channels other than PUSCH and PUCCH, more specifically, the channels during initial access procedure.
Discussion
In this section, the potential enhancement considerations for msg.1/3 and the beam refinement aspects for UL/DL channels during initial access are discussed.
Msg1 enhancement 
In NR Rel-16, a UE can re-transmit Msg1 using a different beam compared to 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, the average time required for the UE to complete initial access would be longer in case the UE has multiple beams to try for initial access. The longer initial access time may also increase the possibility that the SSB the UE selected and obtained system information from does not remain the “best” SSB, for example due to UE mobility. 
Observation 1: The limitation of transmitting Msg1 using only one beam can result to longer access delay.Agreements:
If PRACH enhancement is needed, study it in NR coverage enhancement SI, e.g. multiple PRACH transmissions.

In RAN1#102-e, the following was agreed.

To improve coverage for Msg1 and to enable transmission from different beams, an RO bundle can be considered for multiple PRACH transmissions using the NR Rel-16 random access structure. An RO bundle includes a number of ROs and the UE can transmit PRACH per RO bundle instead of per RO. The benefits of using an RO bundle include:
1. Beamforming gain. Transmitting preambles from multiple UL Tx beams at one RACH attempt as shown in Fig.1 (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. This design is aligned with the SRI-based UL beam management after RRC connected mode where a UE transmits a configured number of SRS using different spatial settings.
2. Link budget gain. The preambles in different ROs (with same UL Tx beams) in a RO bundle could be regarded as repetitions and can provide link budget enhancement for PRACH reception as shown in Fig.1 (b). 
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Fig.1 - RO bundle for same Tx beam an different Tx beam.
	Furthermore, whether or not a UE uses a same or different spatial settings(beams) for PRACH transmission over an RO bundle could be controlled by gNB. For example, for FR1 or if SSBs are relatively narrow-beam in FR2, a gNB can signal to the UE to use a same spatial setting to transmit PRACH over the RO bundle; otherwise, the gNB can signal to the UE to use different spatial settings. 
Proposal 1: Support UE to transmit multiple PRACH preambles over a RO bundle, with same or different spatial settings, prior to a RAR reception. 

When CSI-RS resources are configured and assuming a UE capability for beam reciprocity, a UE can determine channel qualities associated with different spatial settings by performing measurements based on receptions in the CSI-RS resources, and transmit a PRACH preamble with the ‘best’ spatial setting (the one resulting to the largest RSRP). The UE can also transmit PRACH preambles over more than one spatial setting. For example, for robustness at the expense of additional PRACH resources, the UE can also transmit a PRACH preamble with the ‘second best’ spatial setting. 
Proposal 2: Support use of CSI-RS measurements for a UE to select one or more spatial settings for PRACH transmissions.
DL channels enhancements
The following agreements on DL channels enhancements were made in RAN1#102-e.Agreements:
Study whether/how to enable potential techniques for early CSI and/or beam refinement for physical channels during initial/random access procedure.

Agreements:
· If PDCCH enhancement is needed based on evaluation, study PDCCH enhancement for NR coverage enhancement 
· Study at least for broadcast PDCCH
· For broadcast PDCCH, it includes a PDCCH monitored in a Type0/0A/1/2-PDCCH CSS set.
· FFS unicast PDCCH
· Study the aspects to be enhanced, e.g., PDCCH repetition.

Agreements:
Further discuss evaluation of PDSCH and whether/how to enhance PDSCH in NR coverage enhancement SI. 


Although typically DL channels may not be as problematic as UL channels, there could still be reasons to enhance coverage of DL channels, preferably to enhance spectral efficiency (SE) without relying on repetitions. For example, in TDD, SE gains in the DL can translate to more resources in the UL through a less DL-heavy UL-DL configuration. For example, in FR2, a finer DL beam selection can result to improved UL coverage for UE capable of beam reciprocity. For example, during initial access, a RSRP of a SSB selected by a UE may become poor due to environment change (e.g. blocking) or due to mobility, but UE/gNB cannot currently react in time to avoid failure of DL reception. Thus, one possible enhancement is to enable a finer beam reference signal measurement than for the SSB to improve beamforming gain and enable beam selection and reporting by the UE to the gNB. This can be further studied and include aspects that were not fully considered in previous simulations.

By having finer beam reference signal, e.g., NZP CSI-RS resources, configured during initial access, a UE is able to refine a selected DL beam. There are several stages where the UE can use a CSI-RS for beam management, for example, the CSI-RS resources can be configured after SSB monitoring to be used for beam refinement before PRACH transmission, or the CSI-RS can be configured by the random access response. As shown in Fig. 2, the CSI-RS can even have an association with the SSB such that a UE is only required to monitor the CSI-RS(s) corresponding to the SSB the UE selected based on Rel-16 procedure. Reporting to the gNB beam measurements can depend on the stage of DL beam refinement. If the CSI-RS is configured/monitored before PRACH,  the reporting can be based on the association between PRACH resource and CSI-RS resource. If the CSI-RS is configured by RAR, the beam reporting (or even CSI reporting) can be by corresponding UCI in Msg3 PUSCH.
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Fig. 2 illustration of finer beam reference signal (SSB->CSI-RS)
Proposal 3: Support finer beam reference signal measurements and beam selection/reporting during the random access procedure for coverage enhancement/robustness.


Msg3 enhancement
In last meeting, RAN1 has agreed to study at least msg3 enhancement at least for repetition in coverage enhancement.
Agreements:
· Study Msg3 PUSCH enhancement in NR coverage enhancement SI
· Study at least Msg3 PUSCH repetition
· FFS the aspects to be enhanced, e.g., signaling indication, repetition pattern, interplay between Msg1 and Msg3, DM-RS enhancements related to repetition etc.
· FFS multiple-antenna techniques.

Repetition type
NR Rel-16 supports two types of PUSCH repetition, namely type A and type B as shown in Fig. 3. In PUSCH repetition type A, the repetitions in each slot are identical and a repetition is dropped when it overlaps with a DL or invalid symbol. Such requirement offers implementation simplicity but limits the gNB scheduling flexibility and adaptation to traffic requirements. PUSCH repetition type B adapts each repetition to the slot structure but requires several post-handlings.  However, considering the repetition type B is only UE optional capability and the contention resolution is not yet done at msg3 transmission stage, thus supporting type A only is more reasonable in initial access procedure.  
The indication of a repetition type and of other related configurations can be by system information, the DCI format scheduling the RAR, or by the RAR message. The system information provides a cell specific configuration. The DCI format scheduling the RAR provides UE-group specific configurations, while the RAR massage provides UE-specific configurations. The combination of the signalling could provide both flexibility on configuration and overhead control.
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Fig. 3 example of PUSCH repetition type A and B.
Proposal 4: Support PUSCH repetition type A for msg3 repetitions.

Proposal 5: Support the indication of repetition of initial/retx of Msg 3 by gNB, e.g., via SIB and/or RAR/DCI scheduling RAR.

Enhancements for PUSCH other than msg3 
Several proposals for coverage enhancement of non-msg3 PUSCH were made, e.g., time domain, frequency domain and power domain solutions. In a general way, these enhancements might be ok for msg3 PUSCH from technical point of view. However, for Msg.3 PUSCH, contention resolution is not yet resolved 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, time-domain based solutions such as increasing a number of repetitions, or using type B repetitions can apply but distributing a TB over multiple slots may not be necessary. The applicability of solutions for coverage enhancements of ‘normal’ PUSCH to msg.3 PUSCH should be separately considered for each solution.
Observation 2: The applicability of solutions for coverage enhancements of ‘normal’ PUSCH to msg.3 PUSCH should be separately considered for each solution.
Multi-antenna techniques and relationship with msg1
[bookmark: _GoBack]In NR Rel-15, the msg3 spatial setting is left to UE implementation and refinement of spatial setting from msg1 tx to msg3 tx was not finalized. In NR Rel-16 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 also 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, regardless of whether or not the msg3 transmission is with repetitions. 
Proposal 6: Specify that a same spatial setting applies for PRACH preamble and corresponding msg3 PUSCH transmissions. 

Power domain consideration
In Coverage Enhancement (CE) scenarios, a msg3 PUSCH transmission could experience poor UL channel conditions. Depending on multiple factors such as channel conditions and UE density in the cell, the assigned values for msg3 power adaptation parameters (e.g., power ramping step powerRampingStep and pathloss compensation factor msg3-Alpha) can have different effects on msg3 reception reliability as well as the incurred network interference. Therefore, UEs in different conditions may experience better msg3 reception reliability using different values of power adaptation parameters. It can be beneficial from a latency perspective to use a suitable set of power adaptation parameters which can, e.g., faster achieve higher transmission powers in fewer number of retransmissions.
Proposal 7: Consider multiple sets of power adaptation parameters for msg3 PUSCH coverage enhancement.
Conclusion
This contribution discusses the potential enhancements on channels in initial access procedure. Observations and proposals are summarized as follows: 
Observation 1: The limitation of transmitting Msg1 using only one beam can result to longer access delay.
Observation 2: The applicability of solutions for coverage enhancements of ‘normal’ PUSCH to msg.3 PUSCH should be separately considered for each solution.
Proposal 1: Support UE to transmit multiple PRACH preambles over a RO bundle, with same or different spatial settings, prior to a RAR reception
Proposal 2: Support use of CSI-RS measurements for a UE to select one or more spatial settings for PRACH transmissions.
Proposal 3: Support finer beam reference signal measurements and beam selection/reporting during the random access procedure for coverage enhancement/robustness.
Proposal 4: Support PUSCH repetition type A for msg3 repetitions.
Proposal 5: Support the indication of repetition of initial/retx of Msg 3 by gNB, e.g., via SIB and/or RAR/DCI scheduling RAR.
Proposal 6: Specify that a same spatial setting applies for PRACH preamble and corresponding msg3 PUSCH transmissions. 
Proposal 7: Consider multiple sets of power adaptation parameters for msg3 PUSCH coverage enhancement.
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