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Introduction
The following agreements were made in RAN1#102e relating to coverage enhancement for initial access channels:

This document considers the following aspects related to coverage enhancement for initial access:
· SSB enhancement
· PRACH coverage enhancement
· 2-step RACH coverage enhancement

SSB enhancement 
[bookmark: _Hlk47386123]
From the agreements of RAN1#102 meeting on CE of “Other channels than PUSCH and PUCCH” it can be concluded that the study item on coverage enhancements is mainly an exercise in balancing the different physical channels to avoid bottlenecks. While this makes good sense, it fails to address more general issues of the channel selection process. Based on the EVM, which mainly focuses on LLS, realizations of the propagation channel are generated, and the performances of the various physical channels evaluated. However, the beam selection is not a part of the simulation. If the UE fails to select the optimal beam, avoidance of bottlenecks in the relative performance of the physical channels will not help. 
From various field test is has been shown that a UE tend to use different beams for the same position, e.g. if a UE is rotated clockwise or counterclockwise the selected beam-pairs may be different both from turn to turn and with respect to rotational direction. This may naturally be caused by UE algorithm implementation, but potentially also be an SSB polarization effect. 
Today, the polarization of the SSBs is to some extent up to implementation. The UE is not able to make any assumptions on the polarization properties of SSBs, more than that they do not change over time. 
Furthermore, the use of single polarized UE antennas may show advantages in the spherical coverage and/or hardware complexity, compared to dual polarized patch antennas and is therefore preferred in some cases. It may also be noted that a dual polarized patch antenna loses the orthogonality between the polarizations for steep angle of arrivals. Hence, the assumption of dual polarized UE antenna not valid under all conditions.
Even when the assumption of dual polarized UE antenna holds, each SSB transmission is single polarized and, hence, only sounds one dimension of a two-dimensional channel.
Figure 1, shows CDFs (from [4]) of the gain coming from being aware of the fact that SSBs are replicated in both polarizations.
To validate the benefits of knowing the polarization relationships of beam sweeping, we conducted simulations of performance gain using the InO CDL-A and UMi CDL-C channel profiles defined in [5]. These are early results, not according to the EVM, but the gains are first of all significant and easily facilitated and therefore we find them to be of interest. In particular the gains are of interest for CE and RedCap AIs.
 In the simulations, the gNB is equipped with an 8x16 array of dual-polarized antennas antenna elements. The polarization ports are assumed to be at 0/+90 degrees. At the UE side a 1x4 array of dual-polarized antenna elements is used, for which we consider seven dual-polarized beams. The radiation patterns of the beams have been extracted from electromagnetic simulations of a practical phone structure with form factor 150mm x 70mm at 28 GHz. The gNB signals the pre-configured number of beams which utilize either only vertical ports, horizontal ports or both. The UE measures the L1-RSRP of the beams using the pre-configured receive beams. Then the UE identifies the best receive beam from the measurements, while the a suitable transmit beam is chosen for the gNB and kept fixed during the simulations. Although the UE antennas are dual-polarized, we also simulate the case when the UE inactivates one of the polarizations, e.g., to save power.
From our evaluations, the results suggest that in between 25% and 40% of the times, a UE identifies wrong beam as the strongest beam. 
Observation 1: Results suggest that in between 25% and 40% of the times, a UE identifies wrong beam as the strongest beam.
As the two-dimensional channel is not sounded, the UE is not able to determine the potential capacity of the channel. The limitation in the SSB transmissions influence, initial access as well as continuous beam management.
The performance gain is defined as 
,
where  is the optimal beam index when dual-polarized pilots are used,  is the optimal beam index when single-polarized pilots are used,  denotes the gain of the -th UE receive beam with dual-polarized pilots and dual-polarized UE antennas, and  denotes the gain of the -th UE receive beam with single-polarized pilots and either single- or dual-polarized UE antennas. Intuitively, a terminal operating in 2x2 MIMO mode experiences a performance boost  if the active beam-pair is selected using dual-polarized pilots, compared to using single-polarized pilots. Note that in general the beams  and  are different. When this occurs, we say that beam  has been erroneously selected. As shown in Figure 1, between 25% and 40% of the times, depending on the propagation environment and the UE capability, a UE will make an erroneous beam selection if it is not aware of polarization properties.
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[bookmark: _Ref53754278]Figure 1 
From the arguments above, we strongly suggest that polarization properties of SSB shall be evaluated further in this AI.
Proposal 1: Evaluate enhanced SSBs, where polarization properties are included.
Various solutions can be considered to enhance SSB transmissions without significant impact on the SSB burst duration.

RACH procedure
The following agreements were made in RAN1#102e relating to the PRACH procedure:
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.

Agreements:
· Study whether or how to enhance MsgA PUSCH in NR coverage enhancement SI 

Agreements:
If PRACH enhancement is needed, study it in NR coverage enhancement SI, e.g. multiple PRACH transmissions.
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PRACH preamble or Msg1 transmission from a UE in the extended coverage (CE) region may not be able to reach the gNB. Keep trying of preamble transmission in the next RACH period may not guarantee the reception of the preamble at the gNB. Furthermore, it will also increase the delay of the overall PRACH procedure.
In the RAN1#102e meeting and noted in the FL summary, the possibility of a UE performing multiple PRACH transmissions was discussed. We consider this is the most reasonable approach to coverage enhancement. Multiple PRACH transmission is basically a repetitive transmission. This operation has been used in legacy MTC/NB-IoT. In supporting this operation, we need to investigate further on the detailed aspects. The transmission of multiple PRACH can be done according to the following options:
1. UE transmits multiple PRACH in the existing multiple RACH Occasion (RO) within the same RACH-period. In legacy NR, there are multiple possible mappings between RACH Occasions (RO) and SSB beams. Hence, in this case, the UE can transmit multiple PRACH preambles with different beams targeting different RO.
2. UE transmits multiple PRACH in a RACH occasion (RO) in different RACH-period. The RACH-periodicity itself is between 10ms-160ms. It may not be feasible to transmit multiple PRACH in different RACH-periods for the case of a RACH with long periodicity (e.g. 160ms). In such a case, additional RACH resources can be added to minimize the transmission time of multiple PRACH. RACH resources can be in different frequency resources. Hence, frequency diversity gain can be obtained.
 
Proposal 2: Support Multiple PRACH transmission using the following options:
· Option 1: Multiple PRACH transmission in Multiple RO within a RACH-period.
· Option 2: Multiple PRACH transmission in Multiple RO across RACH-period and/or using new RACH resources.


2-Step RACH 
Section 3.1 has considered the need for PRACH enhancement. In RAN1#102e, there was reasonable consensus that Msg3 within the 4-step RACH procedure required coverage enhancement. In this section, we consider the applicability of coverage enhancement to the 2-step RACH MsgA. 
As noted in the FL summary for RAN1#102e, PUSCH repetition is supported only for PUSCH scheduled by DCI 0_1/0_2 and only applied for RRC connected UEs. That is, Msg3 or MsgA PUSCH repetition scheduled by DCI 0_0 during RACH procedure is not supported. 
Many companies in RAN1#102e supported the enhancement of Msg3 transmission through Msg3 PUSCH repetition. Simulation results [7], [8] show gains of between 2dB, for 2 repetitions, and 5.5 dB for 4 repetitions. Advantages of repetition over re-transmission include reduced latency (less time is wasted waiting for PUSCH re-transmissions) and PDCCH issues, including missed detection risk and PDCCH overhead.
[9] and [10] propose that MsgA PUSCH repetition is supported. Some companies observed that in Rel-16, 2-step RACH did not target coverage-limited UEs: those coverage limited UEs could default to 4-step RACH if their SSB-RSRP fell below a configurable threshold. While the configurable threshold allows the network to steer cell-centre UEs towards using 2-step RACH and cell-edge UEs to use 4-step RACH, the setting of the threshold value is down to network implementation and a network can set the threshold low such that all UEs use 2-step RACH. While Rel-16 may not have striven for enhanced coverage of the 2-step RACH, in Rel-17 RAN1 should look towards the enhancement of coverage of channels as part of this coverage enhancements study item (shouldn’t the study look to enhance the coverage of channels whose Rel-16 coverage is worse rather than those Rel-16 channels that already have good coverage?).     
When both PRACH repetition and PUSCH repetition are supported for MsgA, the order of repetitions of PRACH and PUSCH need to be considered. Two possibilities are shown in Figure 4 of [5]: see Figure 2 of this document. Supporting a full set of PRACH repetitions prior to the set of PUSCH repetitions (upper part of figure) allows the gNB to combine all of the PUSCH repetitions (once a repeated PRACH is received, the gNB can start combining the repeated PUSCH from the first PUSCH instance). Supporting interleaved PRACH and PUSCH repetitions (lower part of figure) reduces latency (the UE does not need to wait until it has transmitted all the PRACH before it can start transmitting PUSCH), however PUSCH decoding performance is expected to be degraded since if an initial PRACH is not detected by the gNodeB, the associated PUSCH would also not be detected. The details of association between PRACH and PUSCH for 2-step RACH can be considered during the work item phase. In terms of this study item, it appears that there are workable approaches to extending the coverage of the 2-step RACH MsgA.


[bookmark: _Ref53751980]Figure 2 – Options for repetition of PRACH and PUSCH in MsgA of 2-step PRACH (from [5]: vivo)

Proposal 3: Coverage enhancement applies to the MsgA PUSCH of 2-step RACH.
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This document has considered coverage enhancement issues related to initial access channels for NR. The following proposals are made:
SSB
Observation 1: Results suggest that in between 25% and 40% of the times, a UE identifies wrong beam as the strongest beam.
Proposal 1: Evaluate enhanced SSBs, where polarization properties are included.
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Proposal 2: Support Multiple PRACH transmission using the following options:
· Option 1: Multiple PRACH transmission in Multiple RO within a RACH-period.
· Option 2: Multiple PRACH transmission in Multiple RO across RACH-period and/or using new RACH resources.

Proposal 3: Coverage enhancement applies to the MsgA PUSCH of 2-step RACH.
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