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1. Introduction
In Rel-17 NR coverage enhancement, following enhancement features were introduced:
· Increasing the number of repetitions and counting repetitions based on available slots for PUSCH repetition type A
· Repetitions for Msg.3 PUSCH
· TB processing over multi-slot PUSCH (TBoMS)
· Dynamic indication of the number of repetitions for PUCCH
· Joint channel estimation for PUSCH and PUCCH
However, not all needs for coverage enhancement have been addressed by the Rel-17 due to its limited scope. Thus, for Rel-18, following features can be introduced from the perspective of BS demodulation requirements as per the WID [1].
· PRACH coverage enhancement
· Dynamic UL waveform switching between CP-OFDM and DFT-S-OFDM

In this contribution, we define the scope to set the demodulation requirements.

2. Discussion
2.1 PRACH Coverage enhancement
PRACH repetition was introduced in Rel-13 LTE WIs of "Further LTE Physical Layer Enhancements for MTC" and “NarrowBand IOT (NB-IOT)” to extend coverage. A UE decides the repetition level for the initial PRACH transmission based on the estimated channel quality and configured threshold. The same method is used for NR Msg3 repetition and can also be reused for NR multiple PRACH transmissions. 
RAN1 proposed to implement multiple PRACH transmissions between UE and gNB to improve UL coverage on the same Tx beam. The number of PRACH repetitions are determined by SSB-RSRP threshold and as per RAN1 agreement, 2, 4 and 8 repetitions are chosen. But from BS demodulation perspective even 2 PRACH repetitions are enough to check the performance of the receiver algorithm.  Also, as per the WID [1], the enhancements of PRACH are targeting for FR2 and FR1, when applicable.
From the BS demodulation perspective, we need to address both the radiated and conducted performance requirements for TS 38.104. However, based on the current progress in RAN1 discussions, we consider requirement for only FR2-1.
[bookmark: _Toc146741778]Proposal 1	 Consider PRACH repetition demodulation requirement for only FR2-1.
For initial simulations and study, we can use the same number of PRACH repetitions following RAN1 agreements, i.e., 2, 4 and 8. However, we can down select a particular value to reduce the effort and check the performance.
Further, increasing the number of repetitions is the straightforward solution to improve the UL coverage by allocating more PRACH resources. However, there are no requirements currently in [2] for repetitions for PRACH in NR and is introduced the first time. Also, since SSB-RSRP threshold(s) are used to determine the number of PRACH transmissions at least for the first RACH attempt, no BS demodulation algorithm difference is expected. In that case, demodulation requirement is needed only for increasing the PRACH repetitions.
[bookmark: _Toc146741773]There is no algorithm change compared with Rel-17 PRACH transmission, and only multiple repetition is introduced.  
[bookmark: _Toc146741779]Proposal 2	 For increasing the number of repetitions for PRACH, the demodulation requirements should be defined. 
In a legacy network, a UE can change its timing advance (TA) autonomously,] if the received downlink timing changes or upon receiving a timing advance command (TAC). Due to multiple PRACH transmissions, a RACH attempt may span a much longer time than a single PRACH transmission. Also, a moving UE would change propagation delay during multiple PRACH transmissions. Thus, UL TA may need to be adjusted accordingly if difference is large. However, this might not be critical for FR2 since a low speed UE and small cell is typical in FR2. The TA difference could be very small during whole repetition processions. From demodulation perspective, the key issue is to detect PRACH sequence correctly. To reduce the impact of this TA drifting issue, low UE speed with small repetition number of PRACH can be considered for the requirement. Companies could furtherly discuss if time error tolerance values may be affected. Referring to LTE PRACH repetition requirement, only 1Hz Doppler is assumed for up to 32 repetitions. 
[bookmark: _Toc146741774]In LTE PRACH repetition requirement, only 1Hz Doppler is used. 
[bookmark: _Toc146741780]Proposal 3	Take low UE speed with one repetition number from [2, 4, 8] for the PRACH performance requirement.
TS 38.141-1 states that a correct detection is achieved when the estimation error of the timing offset of the strongest path is less than the time error tolerance given in Table 8.4.1.1-1.
[bookmark: _Toc146741775]Time error tolerance values for different channel models and preamble formats may need to be investigated for BS demodulation algorithm in case of PRACH repetitions.
Currently in [2], the channel models defined for FR2-1 are AWGN, TDA30-300 and TDLA10-650 and for FR1 AWGN, TDLC300-100 and TDLA30-10, respectively for PRACH detection requirements. AWGN channel is useful to check the baseline receiver performance for PRACH demodulation. All Rel-15 and Rel-16 PRACH requirements include AWGN performance. For PRACH repetitions, AWGN should be considered following the legacy requirement and new channel models with more relaxed requirements for TDLA delay spread and doppler shift are required.
[bookmark: _Toc146741781]Proposal 4	 For initial study, consider AWGN and TDLA0-300 as per the legacy requirements. The delay spread and doppler shift can be furtherly discussed.
Also, for BS demodulation requirements, it is needed to define the PRACH formats implementing the PRACH repetitions. As per the WID [1], mainly FR2 scenario is considered and short PRACH formats are usually preferred for FR2 due to reduced latency, less overhead and more spectrum utilization and fast changing channel conditions due to smaller cell size. In TR38.830, only PRACH format B4 is listed as the bottleneck in FR2 scenario and this format is the target format discussed by RAN1. RAN4 demodulation requirements could follow RAN1 discussion and take B4 for the requirement as the starting point.
[bookmark: _Toc146741776]PRACH format B4 is concluded as the bottleneck in TR38.830 and the target format in RAN1 discussion.
[bookmark: _Toc146741782]Proposal 5	 Prioritize PRACH format B4 for PRACH repetition demodulation requirement. 
Another discussion required is to define the frequency offset in case of PRACH repetitions since it is related to BS receiver implementation of coherent combining, whether or how BS combines multiple PRACH. In RF session, there should be discussion on it. For initial discussion, 0.1ppm could be used as legacy requirements.
[bookmark: _Toc146741777]The frequency offset values in the specifications may need to be redefined based on the RF discussion.
[bookmark: _Toc146741783]Proposal 6	Take 0.1ppm frequency offset for initial discussion.

2.2 Dynamic UL waveform switching between CP-OFDM and DFT-S-OFDM
In Rel-15, Two UL waveforms, DFT-S-OFDM and CP-OFDM, have been supported for NR. DFT-S-OFDM has lower maximum UE output power reduction (MPR) and is considered a method to improve UL coverage due to its low PAPR property. As per the WID [1], RAN1 has specified enhancements to support dynamic switching between DFT-S-OFDM and CP-OFDM.
But from the BS demodulation algorithm perspective, this switching it is not relevant because the BS would have the information regarding the type of waveform UE is scheduled with. In the legacy requirements [2], both waveforms are already supported with relevant MCS and allocated RBs. So, there is no change in BS demodulation algorithm.
[bookmark: _Toc146741784]Proposal 7	 Do not introduce new BS demodulation requirements for dynamic switching between CP-OFDM and DFT-s-OFDM.  


3. Conclusions
In the previous sections we made the following observations: 
Observation 1	There is no algorithm change compared with Rel-17 PRACH transmission, and only multiple repetition is introduced.
Observation 2	In LTE PRACH repetition requirement, only 1Hz Doppler is used.
Observation 3	Time error tolerance values for different channel models and preamble formats may need to be investigated for BS demodulation algorithm in case of PRACH repetitions.
Observation 4	PRACH format B4 is concluded as the bottleneck in TR38.830 and the target format in RAN1 discussion.
Observation 5	The frequency offset values in the specifications may need to be redefined based on the RF discussion.

Based on the discussion in the previous sections we propose the following:
Proposal 1	 Consider PRACH repetition demodulation requirement for only FR2-1.
Proposal 2	 For increasing the number of repetitions for PRACH, the demodulation requirements should be defined.
Proposal 3	Take low UE speed with one repetition number from [2, 4, 8] for the PRACH performance requirement.
Proposal 4	 For initial study, consider AWGN and TDLA0-300 as per the legacy requirements. The delay spread and doppler shift can be furtherly discussed.
Proposal 5	 Prioritize PRACH format B4 for PRACH repetition demodulation requirement.
Proposal 6	Take 0.1ppm frequency offset for initial discussion.
Proposal 7	 Do not introduce new BS demodulation requirements for dynamic switching between CP-OFDM and DFT-s-OFDM.
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