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1 Introduction

During RAN4#94-e, the need for demodulation requirements for 2 step RACH was discussed. It was agreed that no requirements are needed for the PRACH preamble part of the 2 step RACH, and also that any requirements relating to NR-U will be handled in the related WI.
There was no agreement on the need for requirements for the msgA PUSCH transmission. In general, demodulation of PUSCH is not different from rel-15. However, since the UE does not have TA when making a RACH access, the timing of msgA PUSCH may differ from that for the connected users if the cell is large.

In this paper, we consider the need for requirements and present a compromise proposal in order to move forward.
2 Discussion

A UE sends a PRACH message from any location within a cell with timing based upon the detected downlink timing, but without timing advance adjustment. The msgA PUSCH is transmitted with a fixed timing offset from the PRACH preamble. This leads to a time offset for PUSCH reception of twice the round-trip time compared to the connected users.
If the timing offset is small, then it will be contained within the cyclic prefix and the demodulation will not be impacted. However, the amount of CP available for accommodating multiple fading taps decreases. Although the msgA is low rate and less sensitive to channel variation, with a large enough time offset the demodulation performance will begin to degrade. If the timing offset becomes larger than the cyclic prefix then without adjustment of the PUSCH receive window, the demodulation will fail.

Table 1 summarizes the time offset associated with various distances of UE from the basestation.
	Distance UE to BS (m)
(ISD is double this distance)
	Time offset (usec)

	20
	0,13

	50
	0,33

	100
	0,67

	500
	3,33

	900
	6


Figures 1 – 2 show simulation results considering a TDL-A and TDL-B channels for FR1. The curves depict the demodulation performance assuming that no attempt at PUSCH timing adjustment is made at the BS. Two physical layer configurations are considered; MCS0 with 6 RBs allocated and MCS4 with 1 RB allocated.
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Figure 1: Performance degradation with different delay (and no delay compensation) for MCS4, 1 PRB.  (FR1)
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Figure 2: Performance degradation with different delay (and no delay compensation) for MCS0, 6 PRB (FR1)
From the figures, we make the following observations:

· For users up to 100m from the BS there is little observable degradation in performance with no PUSCH timing adjustment.
· For users up to 200m from the BS, there may be a performance degradation of up to 1-2.5dB if no PUSCH timing adjustment is carried out.

· For users further away from the BS than 200m, the performance degradation increases.

Figures 3-4 show results considering a TDL-A channel for FR2. Again, the curves depict the demodulation performance assuming that no attempt at PUSCH timing adjustment is made at the BS and two physical layer configurations are considered; MCS0 with 6 RBs allocated and MCS4 with 1 RB allocated.
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Figure 3: Performance degradation with different delay (and no delay compensation) for MCS4, 1 PRB.  (FR2)
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Figure 2: Performance degradation with different delay (and no delay compensation) for MCS0, 6 PRB (FR2)
From the figures, we make the following observations:

· For users up to 20m from the BS there is no observable degradation in performance with no PUSCH timing adjustment.

· For users 50m or more from the BS, the performance degradation is significant.

Based on these observations, we consider that for a local area BS class for which low mobility and a maximum distance between UE and BS of less than 20m is expected, no PUSCH timing compensation is needed. Local area BS that implement 2 step RACH should not be forced by RAN4 requirements to implement a PUSCH timing compensation just to satisfy 3GPP conformance testing.

Proposal 1: For local area BS, the specification should clarify that passing rel-15 PUSCH demodulation requirements is sufficient for 2 step RACH operation.

For wide area BS, considering cell sizes of 500m, 1732m or greater for FR1 and 200m or greater for FR2, clearly PUSCH RX timing adjustment is needed for msgA reception for UEs that are not close to the BS in order to avoid the degradations depicted in figures 1 and 2. Potentially 2 step RACH could be operated only for UEs near to the BS, but the use case for a service only operable close to the BS is not clear.
Observation 1: PUSCH timing adjustment is needed to receive the msgA in wide area cells.
To utilize the full bandwidth of a large cell, some PRBs may be allocated for connected user PUSCH. In such cases, the receiver will need to demodulate PUSCH with at least two different timing adjustments. Not implementing multiple PUSCH demodulation may reduce the system capacity.
Observation 2: System capacity might be degraded if demodulation of multiple PUSCH with 2 different timing offsets is not performed.

It is unlikely though that the impact to system capacity from RACH accesses would be large.

The WI objectives state that performance requirements should be developed for a single UE TX only:

4.2          Objective of Performance part WI
NOTE:      Leave empty if the WI proposal does not contain a RAN performance part.
1. Specify BS demodulation requirements for the case of PUSCH resource assigned to single UE only

2. Specify corresponding BS conformance tests

3. Specify RRM performance requirements

This implies that performance requirements with multiple PUSCH detection are not covered.

Observation 3: The WID implies only developing requirements for receiving of a single PUSCH.

From the discussions in RAN4#94-e, it seems that some companies take the view that deployment of 2 step RACH in a wide area cell may be a potential scenario. If this scenario should be covered, then we can consider creating demodulation requirements for the wide area BS type.

Proposal 2: Consider creating demodulation requirements for the wide area BS type if deployment of 2 step RACH in this scenario is viewed as potentially usable.

The original work done to establish co-existence and other RF parameters for medium range type basestations is documented in the technical reports 36.942 and 25.942. According to these reports, the inter-site distance between medium range basestations with line of sight assumed for deriving RF parameters was 180m. Examining the simulation results in figure 1, with a 180m ISD, if the basestation does not perform timing adjustment then there could be a reduction in PUSCH performance of around 1dB for the MCS4/1PRB and 2-3dB for MCS0/6PRB for FR1. 
Bearing in mind that the UE is not far from the basestation in a medium range scenario and that the targeted data rate /MCS is low, it is very unlikely that when transmitting msgA the UE will be power limited. 


· In fact, if the UE would be power limited for the msgA then it would anyhow not be able to set up a connection and transfer data
· So in fact to set up a connection at all, the UE needs to have much greater than 1dB power headroom for the msgA transmission.

In addition, since PRACH is very infrequent, it is very unlikely that the additional interference caused by 1dB greater transmit power for the msgA will have any effect on overall network performance. 

· PRACH is infrequent

· The RX power for a low MCS will be low; a 1-2.5dB increase on a low power level is still low and so the interference to other cells can be expected to be low.

· It should be noted that the tolerance around power control for the uplink is greater than 1dB, and regular PUSCH will be greater power so regular PUSCH transmissions will have much more effect on the inter-cell interference than the msgA

Observation 3: For medium range, if the BS does not perform timing adjustment then the PUSCH performance may degrade by 1-3dB for FR1 (and a larger amount for FR2).

Observation 4: The UE will not be power limited for msgA and an occasional low power PRACH slot with slightly greater interference to other cells would be highly unlikely to impact network performance.
For the medium range BS, there could be three options:

· Do not set a requirement for the msgA, similar to the proposal for local area

· Set a requirement for msgA that forces the implementation to do RX timing adjustment, similar to the proposal for wide area

· Set a requirement but allow headroom such that the implementation is not forced to do PUSCH time adjustment, on the basis that the impact on performance of not doing the PUSCH timing adjustment is likely to be insignificant.

For FR2, a requirement would be needed. Since there is some performance impact and a requirement would be needed for FR2, we propose that a requirement should also be considered for FR1 if the MR BS scenario is to be covered.
Proposal 3: Consider creating demodulation requirements for the medium range BS type if deployment of 2 step RACH in this scenario is viewed as potentially usable.
3 Proposal for parameters
If requirements are developed for a wide area BS type, the following parameters are proposed for the msgA:
	Parameter
	Value

	PUSCH mapping type
	FR1: A
FR2: B

	MCS
	4

	Number of resource blocks
	1

	Number of symbols
	FR1: 14
FR2: 10

	DM-RS
	1+1+1

	T0 (offset of msgA PUSCH from regular PUSCH) for Wide Area
	FR1: 5700ns (corresponds approximately to 1732m ISD)
FR2: 1000ns (corresponds to 300m ISD)

	T0 (offset of msgA PUSCH from regular PUSCH) for Medium Range
	FR1 and FR2: 650ns (corresponds approximately to 200m ISD)

	Channel
	TDL-A, 30ns, 3km/h


For requirements, it should be assumed that FFT timing compensation is performed in order to counteract the T0.
4 Conclusion

In this paper, we have considered again the need for demodulation for 2 step RACH. It is proposed to differentiate the demodulation requirements according to BS class. For local area BS, we propose that existing rel-15 PUSCH requirements are sufficient. For wide area, it is possible that if PUSCH timing adjustment is not implemented correctly then demodulation will fail. We do not entirely see the need for this scenario, but are willing to create demodulation requirements if proposed. We note that the WI scope does not cover the case of allocating RB to both msgA and regular PUSCH. For medium range BS, requirements should be designed if designed for wide area.
Proposal 1: For local area BS, the specification should clarify that passing rel-15 PUSCH demodulation requirements is sufficient for 2 step RACH operation.

Proposal 2: Consider creating demodulation requirements for the wide area BS type if deployment of 2 step RACH in this scenario is viewed as potentially usable.

Proposal 3: Consider creating demodulation requirements for the medium range BS type if deployment of 2 step RACH requirements are created for WA.

For the case that a decision is made to develop requirements, proposed parameters are indicated in section 3.
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