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Introduction
In the RAN4#92 meeting, the foundations towards Rel-16 HST BS demodulation performance requirements were discussed and the next steps were captured in WF [1].
The WF captures many options on nearly all aspects of test case configurations. Main clusters of parameterization options are found around, maximum doppler shift, channel modelling, PRACH formats, as well as and test metrics.
Several previously unrecognized issues (e.g., PRACH format 0 root sequence vulnerability, and propagation condition modelling peculiarities from LTE) were presented as well.
In this contribution, we will narrow down the plethora of proposed test configurations, by analysing the simulation results captured in our simulation companion contribution [2] as well as discuss the fundamental issues raised.


PRACH BS demodulation discussion

PRACH channel models and Doppler modelling
During the discussions at RAN4#92 the question arose, if it makes sense in PRACH to model both Doppler Shift and Doppler spread in the same channel model. The currently discussed channel model coverage is as follows:
· AWGN with large Doppler shift/FO.
· Tests the high-speed receiver. Used in LTE.
· AWGN with no impairments
· Used as reference. Used in LTE. FFS.
· Fading (TDL-C) with small FO (capturing 0.1% ppm oscillator error).
· Tests implementation of oscillator error handling and fading. Used in LTE.
While it is possible to test PRACH with a fading channel model including both Doppler spread and a high Doppler shift/FO, we think that the currently discussed test coverage is sufficient in a minimum test requirement sense. Such a test is also absent in LTE.
PRACH high speed/high Doppler shift receiver testing is sufficiently covered by the AWGN + high FO test cases, no fading + high FO model is necessary.


In the WF [1], large number of FO and channel options was captured:
	· Frequency offset under AWGN for PRACH format 0
· Frequency offset for restricted set Type A 
· Option 1: 1340Hz with AWGN
· Option 2: 0Hz and 1340Hz with AWGN
· Frequency offset for restricted set Type B 
· Option 1: 1944Hz
· Option 2: 1875Hz
· Option 3: 2334Hz
·  
· Frequency offset under fading for PRACH format 0
· Frequency offset for restricted set Type A and B 
· TDLC300-100 with FO 400 Hz
· Frequency offset for PRACH formats with short sequence length targeting 500km/h velocity
· To align with PUSCH maximum Doppler shift
· 15kHz SCS
· Option 1: 1944
· Option 2: 1500Hz
· Option 3: 1400Hz
· Option 4: 1250Hz
· Other options are not precluded
· 30KhZ SCS
· Option 1: 3334Hz
· Option 2: 2600Hz
· Option 3: 3000Hz
· Option 4: 2300Hz
· Other options are not precluded




Assuming the following preamble configurations, all FO and channel options have been found to be feasible in our simulation campaign [2].
Table 1: Simulation preamble configurations.
	Burst format
	Restricted Set
	Ncs
	Logical sequence index
	preamble id v

	0
	Type A
	15
	384
	0

	
	Type B
	15
	30
	30

	Short
	-
	15 kHz: 23
30 kHz: 46
60 and 120 kHz: 69
	0
	0



[bookmark: _Hlk21014195]All FO, format, and channel options have been found to be feasible in our simulation campaign, for the given set of preamble configuration.
RAN4 to consider the FO corresponding to the current maximum Doppler option, as well as the options ultimately chosen in PUSCH testing (where applicable), for PRACH performance requirements.


PRACH short format
In the WF [1] a large number of possible short PRACH formats was proposed as options:
	· PRACH format
· For 350km/h velocity, use PRACH format 0
· For 500km/h velocity, further evaluate PRACH format from 0, A2, A3, B4 and C2.
· Other formats are not precluded for evaluations




All the short format options (e.g., A2, A3, B4, and C2) have been found to be feasible in our simulation campaign [2]. See table 1, for used preamble configurations.
All short format options have been found to be feasible in our simulation campaign, for the given set of preamble configuration.
However, we propose to down-select for reduced test effort/cost at minimum sufficient test coverage. 
In particular, we propose to only keep the following formats:
· A2, since it is the “middle ground” repletion number solution of the slot boundary aligned A-series and arguably the most common format.
· C2, since it has the longest CP of the short formats. 
RAN4 to consider down-selecting the short PRACH formats to A2 and C2.


PRACH format 0 root sequence vulnerability
[bookmark: _Hlk20768423]At RAN4#92, Ericsson outlined an issue with properly choosing a root sequence and cyclic shift to test for format 0 [3]. In particular, the performance might be different depending on the choice, since some root sequence and cyclic shifts are more robust again frequency offsets (FOs). The commonly used parametrization
	format
	Restricted Set
	Ncs
	Logical sequence index
	preamble identifier v

	0
	Type A
	15
	384
	0

	
	Type B
	15
	30
	30


was observed to be untypically robust. In particular it supports more than the designed FOmax ([-1.25 kHz, 1.25 kHz]) of the restricted set A.
Practical UE chose 1 out of (max) 64 preambles at random, when doing RACH. Hence, a meaningful test should either 
a) chose a root sequence, where all cyclic shifts have similar performance, or
b) chose the worst-case performance cyclic shift of a given root sequence, or
c) chose the worst-case performance of all cyclic shift / root sequence combinations.
The terminology used in this section follows TS 38.211:
· The root sequence is either identified directly by the root sequence number u or its logical root sequence index i. The starting logical index is obtained from the higher-layer parameter prach-RootSequenceIndex.
· The cyclic shift of the root sequence Cv is identified by the value pair (v, NCS); the cyclic shift parameter v (also known as preamble identifier in TS38.213) and “zeroCorrelationZone/width” related parameter NCS. In the case of restricted subsets, other parameters are included in the Cv calculation; notably du, which can be interpreted as the distance between cyclic shift windows.
· A preamble is characterised by a root sequence and associated cyclic shift.

A common occurrence of, and reasons for, performance differences in root sequence and cyclic shift choices, is in the usage of more than one root sequence:
Preambles created by cyclic shift of one root sequence, generally have similar performance. However, it is not always possible (especially with restricted set) to create all 64 preambles from one root sequence, in this case the next root sequences (according to logical index) are also used to for preambles creation via cyclic shifting.
Preambles that come from a combination of (initial) logical index and v=0 to 63 can thus be formed from different root sequences. Hence dissimilar performance is possible for different preamble Ids.
For example:
Restricted set A of logical root sequence index=384 with NCS=15, actually uses logical Ids 384/385/386/387. 
Preamble Ids {0, 4, 11} are created from same logical root sequence Id (384).
Preamble Ids {36 46 51} are created from same logical root sequence Id (386).
The preambles of the same root have comparable performance, but 386 is significantly worse at tolerating FO. See:
	[image: ]
	[image: ]


Figure 1: Left: Logical root sequence index=384, preamble Id= {0, 4, 11} wrt 384. Right: Logical root sequence index=386, preamble Id= {36 46 51} wrt 384.

Note: The detailed behaviour of the increased FO resistance of certain root sequences, come down to overlaps in the (periodic) correlation functions, which depends on a relation between the root sequence number and NCS, involving du.

For PRACH Format 0, the choice of root sequence and cyclic shift creates preambles with performance behaviour with respect to FO errors (and other impairments).
RAN 4 to consider using the observed “bad-case” combination of logical root sequence index = 384 and preamble Id=36.



Conclusion
In this contribution we have provided our views on the Rel-16 PRACH HST BS demodulation requirement issues of channel modelling, short format selection, and format 0 root sequence vulnerabilities and preamble selection. We have made the following proposals and observations:
PRACH channel models and Doppler modelling
1. PRACH high speed/high Doppler shift receiver testing is sufficiently covered by the AWGN + high FO test cases, no fading + high FO model is necessary.
1. All FO, format, and channel options have been found to be feasible in our simulation campaign, for the given set of preamble configuration.
1. RAN4 to consider the FO corresponding to the current maximum Doppler option, as well as the options ultimately chosen in PUSCH testing (where applicable), for PRACH performance requirements.
PRACH short format
All short format options have been found to be feasible in our simulation campaign, for the given set of preamble configuration.
RAN4 to consider down-selecting the short PRACH formats to A2 and C2.
PRACH format 0 root sequence vulnerability
For PRACH Format 0, the choice of root sequence and cyclic shift creates preambles with performance behaviour with respect to FO errors (and other impairments).
RAN 4 to consider using the observed “bad-case” combination of logical root sequence index = 384 and preamble Id=36.
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