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[bookmark: _Toc116995841]Introduction
This document introduces to RAN4 the features associated with coverage enhancement under the Work Item “Further NR coverage enhancements” and the impact of the newly introduced features on Base Station demodulation within RAN4.
Specifically, within this paper we investigate 3 new features introduced in RAN1 and their impact for BS demodulation performance requirements. These features are as follows:
	· PRACH Repetitions
· Power Domain Enhancements
· Dynamic Waveform Switching



This discussion is supported by simulation results provided in [2].
In this paper, we present Nokia’s view on the impact these enhancements to demodulation requirements and ultimately TS 38.104 and TS 38.141.
Discussion
PRACH Repetitions
Scope
To improve uplink coverage performance in Rel-18 a new feature has been defined to enable improved performance through PRACH repetitions.
Whereby the UE transmits a message (Msg1) multiple times using the same Tx beam configuration, and multiple RACH occasions (ROs) are grouped and multiple Msg1s are sent sequentially before the beginning of the Random Access Response (RAR) window.
Multiple cell-specific repetitions values can be configured at the same time with candidate values of {2,4,8}. Whereby the UE selects whether to use PRACH repetitions, and their number, based on cell-specific SS-RSRP thresholds, and a single RAR is sent by the network after the last Msg1 is received.
The above operations are visually demonstrated in Figure 1. As shown therein, according to specified feature, the Tx beam configuration is kept unchanged at the UE. This is independent of the number of repetitions. This allows the base station to resort at least to non-coherent combining approaches, by means of which preambles received over grouped ROs are combined in baseband to provide SINR gain, and thus larger link budget.
A possibility for the UE to use different Tx beam configurations across the multiple repetitions, i.e., Tx beam sweeping, has also been considered in Rel-18. This approach can lead to significant benefits for FR2 deployments, especially when the UE fulfils beamCorrespondence requirements with UL-BeamSweeping. More precisely, and as shown in our companion TDoc [2], the benefit is two-fold:
· Link budget gain over same Tx beam counterpart ranging from 2 to over 4 dBs in case of 4 PRACH repetition;
· Performance gap reduction as compared to the case where UE fulfils beamCorrespondence requirements without UL-BeamSweeping (i.e., higher end UE which can identify the best Tx beam configuration based on the received DL signal). Tx beam sweeping allows to reduce this performance gap from 3.5/4.5 dBs (depending on the antenna array configuration) to around 0.5 dB.
We note that these gains, which are expected in practical deployments offering full spatial characteristics, have been observed in simulations by RAN1 as well, where channel models with spatial components, such as CDL-A, have been considered, as per the endorsed RAN1 Working Assumption below. It is worth observing that:
· adding an explicit reference to channel models was not strictly necessary for the working assumption to be complete, the latter already including an explicit reference to simulation assumptions in TR 38.830 (in which TDL channel models are used) to be used as the starting point for the simulation.
· If other models, for instance the TDL models for p2p links typically used in RAN4 specifications, were used, it would not have been possible to see these gains. 
	RAN1 #111 - Working Assumption
Simulation results for multiple PRACH transmissions with different beam(s) and same beam(s) (baseline) to be discussed in the next meeting.
· Simulation assumptions in TR 38.830 are used as the starting point for the simulation. 
· Focus on FR2.
· UE antenna configuration 2-2-2(baseline), 1-4-1(optional)
· Performance metric: 0.1% false alarm, 1% miss-detection
· Companies report the number of beams, the beam widths, beam correspondence assumption, and the boresights.
· Channel model for link-level simulation: CDL-A defined in table 7.7.1-1 in TR 38.901.
· Both that UE fulfills beamCorrespondence requirements Without UL-BeamSweeping and UE fulfils beamCorrespondence requirements With UL-BeamSweeping can be considered in the simulation are used as starting point for simulation.


 
Lack of available TUs in Rel-18 did not allow this aspect of the feature to be fully specified which, as a natural consequence of the above observations, is currently one of the two candidate enhancements considered for inclusion in a possible Rel-19 UL CovEnh WI. The above also clearly shows the need for RAN4 to carefully consider which channel models to use for this work, in view of a likely future need to compare performance of PRACH repetitions with same and different Tx beam configuration used across the repetitions. In this context, agreeing on including CDL models, e.g., CDL-A, alongside the ones conventionally used in RAN4 specifications, would ensure that RAN4 workload for this feature as a whole is minimized by a more forward looking and technically accurate choice.  

[bookmark: _Toc155624857]To demonstrate the benefits of different beam patterns and sweeping approaches, RAN4 will require to introduce spatial channel models. 
	[image: ]


[bookmark: _Ref145339349]Figure 1 : PRACH Repetitions Schedule
The improved PRACH repetitions agreed within RAN1 are likely to have impact on demodulation performance, as shown within RAN1 contributions [3][4] and previous RAN4 contributions [3].
Remaining Open Issues
Following RAN4#109 there no formal open issues, but a few issues remain FFS; including:
· Frequency Range coverage of requirements
· PRACH number of repetitions
· SCS for FR2-1
Frequency Range coverage of requirements
The PRACH repetitions introduced for Rel-18 which provide the coverage enhancements aim to increase the performance of propagation loss constrained communications links which are more prevalent with the higher frequency deployments of FR2.
As such Nokia believes it is a priority that the performance requirements are defined for FR2-1, and unless a strong argument is made due to the timing within the release FR1 should be considered in a future release. 
[bookmark: _Toc155624858]Coverage Enhancement features are predominantly aimed at FR2-1.
[bookmark: _Toc155624859]RAN4 shall define requirements for Coverage Enhancement in release 18 for FR2-1 only.
PRACH number of repetitions
During RAN4#109 it was discussed that at least 2 repetitions would be used for defining requirements with companies encouraged to provide simulations to understand further gain achieved by 4 or more repetitions. In our companion TDoc [2] the results of Nokia’s investigation into this are provided whereby the gain between 2 and 4 repetitions can be seen to be of the order of 2 dB.
[bookmark: _Toc155624860]The difference between the performance of 2 and 4 repetitions can be seen to be of the order of 2dB.
[bookmark: _Toc155624861]RAN4 shall define requirements for both 2 and 4 PRACH repetitions.
SCS for FR2-1
During RAN4#109 the option to define 60 kHz SCS requirements for FR2-1 was left as FFS, predominantly due to concern from some companies due to the lack of commercial deployment with 60 kHz SCS.
Nokia believes that for requirements coverage all SCS options should be required such that in due course should a deployment be required then the requirements exist, and that requirements should be defined according to the feature and the minimum requirements for said feature.
[bookmark: _Toc155624862]Despite a small number of commercial deployments of 60 kHz SCS for FR2-1, this is the minimum SCS for FR2-1 as such requirements are needed.
[bookmark: _Toc155624863]RAN4 shall define requirements for 60 kHz SCS.

[bookmark: _Toc116995848]Conclusion
This contribution provides our views on Coverage Enhancement and its impact on BS demodulation. Specifically, a series of observation and proposals are made as follows: 
Observation 1: To demonstrate the benefits of different beam patterns and sweeping approaches, RAN4 will require to introduce spatial channel models.
Observation 2: Coverage Enhancement features are predominantly aimed at FR2-1.
Proposal 1: RAN4 shall define requirements for Coverage Enhancement in release 18 for FR2-1 only.
Observation 3: The difference between the performance of 2 and 4 repetitions can be seen to be of the order of 2dB.
Proposal 2: RAN4 shall define requirements for both 2 and 4 PRACH repetitions.
Observation 4: Despite a small number of commercial deployments of 60 kHz SCS for FR2-1, this is the minimum SCS for FR2-1 as such requirements are needed.
Proposal 3: RAN4 shall define requirements for 60 kHz SCS.
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