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Introduction
Following the WID of NR_HST_FR2_enh [1], the following topics need to be considered in BS demodulation:
	4.2	Objective of Performance part WI
NOTE:	Leave empty if the WI proposal does not contain a RAN performance part.
· Specify the RRM performance requirements of measurement accuracy if identified.
· Specify the RRM test cases related to new core requirements. 
· Specify the UE demodulation and BS demodulation requirements based on outcome of channel model and maximum Doppler frequency discussions



This part of the WID refers to the Doppler shift and Channel model evaluations, and gives some more background concerning the scenario:
	· Focused on train roof-mounted high-power devices 
· Single panel, i.e. only one active antenna panel at a time, as baseline antenna assumption 
· The target applicable frequency is up to 30GHz. The candidate frequency bands including band n261, n257 and n258. Target deployment scenario is multi-RRHs share the same cell-ID, the detailed parameters will be investigated and decided in initial phase of WI:
· Number of RRHs per cell
· The distance between adjacent RRHs
· The distance between RRHs and railway track
· The number of SSB per RRH 
· Further study the channel model for FR2 HST
· HST single Tap channel and uni/bi-directional SFN channel shall be studied 
· Other channel model is not precluded 
· Note: whether to introduce single tap channel model and/or SFN channel model will be decided based on further study of channel model for FR2 HST
· The maximum Doppler frequency will be investigated and determined based on operating frequency, velocity and the Rel-15/16 NR design limitations for all UL/DL physical channels.




In this contribution we will express our initial views on the topics captured in the WID, concerning the BS demodulation performance.



Discussion
Lessons learned from NR_HST (FR1)
The initial FR1 HST work item (NR_HST) is expected to be finished in the next meeting.
It is our recommendation to base the demodulation performance requirements for FR2, as much as possible on the learnings from this WI.

Doppler shift and maximum frequency offset estimation (FOE)
One common observation to that the UE speed is usually bottlenecked by the UL channels, or rather their demodulation. We remind that the maximum observed Doppler shift in BS demodulation is twice as large as in UE demodulation:

Remark: Only components of the speed/heading vector towards the RRH, influence the observed doppler shift.

Single shot FOE capability based on configured reference signals (e.g., DM-RS or PT-RS) sets the minimum performance requirements. FOE tracking assumptions should not figure in minimum performance requirements, as e.g., UEs turning on in the train, recovering from RLF, or waking up from long DRX cycle, also need to be served.
Single shot FOE capability based on configured reference signals (e.g., DM-RS or PT-RS) defines the minimum performance requirements.

The maximum theoretical single shot FOE “capture range” of reference signals, can be calculated based on the minimum distance in symbols between the reference signals:
[bookmark: _Ref68108198]Table 1: Max theoretical single shot FOE based on minimum RS distance in symbols.
	SCS
	max FOE per 1-symbol distance

	15kHz
	7008 Hz / RS distance

	30kHz
	14013 Hz / RS distance

	60kHz
	28027 Hz / RS distance

	120kHz
	56054 Hz / RS distance


Note: this max FOE is independent of the carrier frequency, at least up to the point where FR and SCS are connected.
I.e., it is evident that reference signals that repeat in two consecutive symbols are the most desirable in scenarios large Doppler shift.

PT-RS can easily be configured with an “inter-RS distance” of one; PT-RS is optional UE capability in FR1, but mandatory in FR2. The FOE accuracy is generally lower than in DM-RS based approaches, due to lower frequency density.
Two symbol DM-RS configurations are also advantageous.
And finally, very dense DM-RS configurations are the most common solution in deployment and were chosen in NR_HST (addPos=2 with l0=2 or 3).
The “inter-RS distance” is crucial for demodulation performance in high Doppler environments. Reference signals in consecutive symbols offer best FOE performance.


Channel models
Three types of channel models were used in NR_HST:
· “Normal” 
· Multi-path (TDL models with DS and Doppler) and AWGN.
· A single BS with no RRH; just as in Rel-15.
· “High speed train condition”
· Single tap model (AWGN with power scaling, and Doppler profile)
· Assumed HST SFN deployment with RRHs and non-directive antennas. 
· See figure below.
· “Moving propagation conditions”
· UL timing adjustment only.
· Changes tap delays for multi-path depending on position.
· See figure below.

FR1 HST SFN did assume omnidirectional antenna patterns:
	[image: ]



Figure 1: Deployment of HST-SFN (FR1, [RP-181985]).

In NR_HST (FR1) the antenna patterns were assumed to be omnidirectional on both RRH and UE side.

Moving propagation conditions:
	[image: ]



Figure 2: Moving propagation conditions in NR_HST.



Input from previous and parallel NR_HST_FR2_enh discussions
There are several agenda items ongoing in parallel, that will have heavy impact on BS demodulation performance requirements.
Below we reproduce some key concepts from our companion papers [2][3], that define concepts needed to discussion BS demod.

Deployment scenarios
In the last meeting, two priority deployment scenarios have been selected [4]
· Scenario-A: Ds = 700 m, Dmin = 10m 
· Scenario-B: Ds = 700m, Dmin = 150m
For both of deployment scenarios both uni-directional and bi-directional settings are still open.
	




Figure 3: Main HST FR2 deployment parameters.
Some companies have taken to calling a deployment scenario with more than one RRH connected to one BBU, a “HST SFN scenario”. 
We do not fully agree with this nomenclature. In our opinion the “SFN” aspect of this term requires for all RRHs to transmit the exact same waveform (potentially time delayed) at all times. In other words, “HST SFN” is a transmission scheme and a deployment scenario at the same time for us.
This deployment follows the single tap channel model from NR_HST.
However unlike in FR1, it is not possible to have omnidirectional antenna patterns in FR2.
Hence the single tap channel model needs to be further split into three different deployments/models:

Single Tap HST SFN - Bidirectional
Having two beams (sectors) at each RRH was already discussed in LTE, but ultimately not found to be important in FR1.
	




Figure 4: Single Tap HST SFN - Bidirectional.
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Figure 5: Doppler shift trajectories in UL, bi-directional setting.


Single Tap HST SFN - Bidirectional with sign change between RRHs
It is not clear to us, why the sign change of the observed Doppler split in-between RRHs has been omitted in LTE and NR_HST, but it should be considered for modelling to align with deployment observations.
	




Figure 6: Single Tap HST SFN - Bidirectional with sign change.
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Figure 7: Doppler shift trajectories in UL with Doppler shift sign alternation, bi-directional setting.


Single Tap HST SFN - Unidirectional
Having one beam (directed sector) at each RRH was already discussed in LTE, but ultimately not found to be important.
	




Figure 8: Single Tap HST SFN - Unidirectional.
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Figure 9: Doppler shift trajectories in UL, uni-directional setting.



BS demodulation in NR_HST_FR2_enh
In this section we combine the learning from NR_HST and other agenda items in NR_HST_FR2_enh, to make observations and proposals for HST BS demodulation in FR2.

Expected max Doppler shift
Given the WID [1], the following  are expected to be observed in demodulation:
Table 2: Expected .
	fc
	UE speed
	

	28GHz
	350km/h
	18161 Hz

	28GHz
	260km/h
	13491 Hz



Comparing these numbers with the max FOE per RS distance table above (Table 1), we already expect to require a max inter-RS distance of 3 and 1, to serve 350kph UEs in 120kHz and 60khz respectively.


Expected PUSCH demodulation performance for single tap channel model
In our companion paper [3] we present some preliminary simulations with system configurations proposed in a different AI. In summary:
We expect none of the single tap scenarios (“uni”, “bi”, “signed-bi”) to work at 350kph with only DM-RS based FOE. If DM-RS is combined with PT-RS, 350kph UE can be supported in all single tap scenarios.


Channels to test
Similar to NR_HST, we propose to have requirements for the following physical channels
· PUSCH
· PUSCH UL Timing alignment
· PRACH
The FR2 specification can follow the lead of the FR1 specification as a baseline.
Follow NR_HST specification changes as baseline; test PUSCH, PUSCH UL TA, and PRACH.


PUSCH
Following NR_HST, only test CP-OFDM waveform.
Only test CP-OFDM waveform.

In NR_HST, 1RX requirements were introduced to cover the tunnel scenario with leaky cable.
In FR2 the frequency is too large for leaky cables to work, hence the corresponding 1RX requirements should be removed.
Only have 2Rx requirements.

As HST is not scenario that is looking for the highest possible throughput, we can limit the MCS to 16QAM max.
Limit MCS to 16QAM max.

As discussed in the previous sections, we see issues with the DM-RS 1+1+1 configuration used in FR1.
We propose to include PT-RS in our configuration to make FR2 HST demodulation viable.
Configure both DM-RS (1+1) and PT-RS (K=2 L=1) to allow for up to 350km/h in single tap models.

All other configurations can be chosen as in FR1.
Align all remaining configurations with FR1 HST.


PRACH
Only short PRACH formats are available in FR2. Follow NR_HST and only have requirements for A2, B4, and C2.
Have requirements for A2, B4, and C2.

Furthermore, follow the FR1 approach and limit the channel model to AWGN with frequency offset decided by maximum observable doppler shift.
Limit channel model to AWGN with frequency offset decided by maximum observable doppler shift.

All other configurations can be chosen as in FR1.
Align all remaining configurations with FR1 HST.



Conclusion
In this contribution we will express our initial views concerning HST BS demodulation performance in FR2.
We have made the following observations and proposals:

Doppler shift and maximum frequency offset estimation (FOE)
1. Single shot FOE capability based on configured reference signals (e.g., DM-RS or PT-RS) defines the minimum performance requirements.
The “inter-RS distance” is crucial for demodulation performance in high Doppler environments. Reference signals in consecutive symbols offer best FOE performance.

Channel models
In NR_HST (FR1) the antenna patterns were assumed to be omnidirectional on both RRH and UE side.

Deployment scenarios
Empty

Expected max Doppler shift
Empty

Expected PUSCH demodulation performance for single tap channel model
We expect none of the single tap scenarios (“uni”, “bi”, “signed-bi”) to work at 350kph with only DM-RS based FOE. If DM-RS is combined with PT-RS, 350kph UE can be supported in all single tap scenarios.

Channels to test
1. Follow NR_HST specification changes as baseline; test PUSCH, PUSCH UL TA, and PRACH.

PUSCH
Only test CP-OFDM waveform.
Only have 2Rx requirements.
Limit MCS to 16QAM max.
Configure both DM-RS (1+1) and PT-RS (K=2, L=1) to allow for up to 350km/h in single tap models.
Align all remaining configurations with FR1 HST.

PRACH
Have requirements for A2, B4, and C2.
Limit channel model to AWGN with frequency offset decided by maximum observable doppler shift.
Align all remaining configurations with FR1 HST.
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