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Introduction
During the last RAN4#95-e meeting, good progress was made on the topic of NR Rel-16 HST BS demodulation RACH requirements [1]. Some of the most pressing points of contention were resolved, with special mention of applicability rules and fixing of previous agreements.
Some remaining issues are captured in the corresponding WF [2]. The major open topics being:
· TDLC300-100 propagation conditions for long preamble formats.
· Manufacturer declarations.
· Test applicability for short PRACH formats
In this contribution we will express our views on the captured open issues and open new discussions, if necessary.



Discussion on open issues
Here we discuss open issues, as are left over from the last meeting.

PRACH TDLC300-100 propagation conditions for long preamble formats
The discussion about the TDLC300-100 test requirements for long preamble formats ahs been ongoing for quite some time now. In RAN4#95-e, only limited progress was made [2]:
	· TDLC300-100 propagation conditions for long preamble formats
· Option 2: Do not to introduce TDLC300-100 fading channel with frequency offset of 400Hz requirements for long preamble formats for HST requirements.
· Option 3: Introduce TDLC300-100 for PRACH restricted set type A and B.
· Option 4: Introduce TDLC300-100 fading channel with frequency offset of 400Hz requirements for long preamble 0 restricted set type A and B in non-HST sections.



Here is an aggregation of long PRACH simulation results provided by Nokia in the previous meetings (NR_newRAT and NR_HST), along with some additional simulations:
[bookmark: _Ref47361743]Table 1: Aggregation of prior and new results from Nokia.
	Format
	SCS
	Restricted set type
	Ncs
	Log seq index
	v
	Tx/Rx
	fc
	Propagation condition
	FO (Hz)
	Timing error tolerance
	SNR (ideal)

	Format 0
	1.25 kHz
	Type A
	15
	384
	0
	1T2R
	2.1
	TDLC300-100
	400
	2.55us
	-7.52

	Format 0
	1.25 kHz
	Unrestricted
	15
	384
	0
	1T2R
	2.1
	TDLC300-100
	400
	2.55us
	-7.01

	
	
	
	
	
	
	
	
	
	
	
	

	Format 0
	1.25 kHz
	Unrestricted
	13
	22
	32
	1T2R
	3.6
	TDLC300-100
	400
	2.55us
	-9.03



We show an increased performance, when the receiver is working in “restricted set mode” against “unrestricted set” for the exact same preamble and propagation condition.
The theoretical reason behind this observation being that correlation peak “harmonics” are placed multiples of the detection windows (at +/- n*du, where du is linked to NCS as described in the RAN1 spec). These “harmonics” provide signal energy that can be exploited given the knowledge about non-interfered search windows.
Hence implementations that use optimized PDP combination can achieve higher PRACH performance for restricted set over unrestricted sets.
For restricted set type A (i.e., only +/- 1*du can be combined), the performance gain is around 0.5dB (see Table 1) for the chosen preamble, when exploiting knowledge that harmonics in a larger search window can be combined. 
To be even more explicit, when du >=Ncs, i.e., harmonics at +/- du falls into other cyclic shift windows, PDP combination receiver algorithms perform better, if restricted sets are enabled. 
For du<Ncs, i.e., +/-du cyclic shift windows overlaps with real search window, unrestricted sets enabled receivers perform better, if du is less than timing error tolerance (a good implementation will fall back to unrestricted, even if restricted is configured).
The same effect (i.e., where harmonics fall is important) was discussed a few months ago, when we deliberated the case of better and worse preamble indices.
Receiver implementations that use optimized PDP combination can achieve higher PRACH performance for restricted set over unrestricted sets, given the exact same preamble and propagation condition. The effect varies depending on which exact preamble is chosen. 

Additionally, there was a comparison of HST/non-HST requirements for format 0, contributed by Huawei in the last meeting [3]:
	
Table 2-1 Requirements comparison for HST/non-HST condition
	[bookmark: OLE_LINK15]Number of TX antennas
	Number of RX antennas
	Propagation conditions and correlation matrix (Annex G)
	Frequency offset
	SNR (dB)

	
	
	
	
	Burst format 0

	
	
	
	
	38.104
Non-HST
	restricted set A
	restricted set B

	1
	2
	TDLC300-100 Low
	400 Hz 
	-6.6
	-5.2
	-5.3

	
	4
	TDLC300-100 Low
	400 Hz 
	-11.9
	-10.6
	-10.3

	
	8
	TDLC300-100 Low
	400 Hz 
	-15.8
	-14.9
	-14.6



As we can see from the table that the difference between results of HST or non-HST is rather small, especially when we consider that some simulation error/bias may exist due to different company group for alignment for HST and non-HST part. 




We don’t agree with the stated observation in [3] that 1.4dB (in 1T2R) is a small enough difference to skip having requirements. Furthermore, it is not clear how the preambles (i.e., {Ncs, LogIdx, v} tuples) are chosen, and if this impacts the comparison in [3].
Following our own results and the results provided by other companies, that show that the demodulation performance is different between receivers that are configured to use restricted sets or not, even for the same preamble, we make the following proposal:
Introduce TDLC300-100 for PRACH restricted set type A and B, as the Rel-15 TDLC300-100 unrestricted set requirements do not represent the restricted set enabled performance.


PRACH Manufacturer declaration
A further open question form RAN4#95-e is how to declare PRACH HST support in the manufacturer declarations [2]:
	
[image: ]





During the discussion in RAN4#95 a majority of companies was converging to the compromise solution of “option 2”.
With two companies preferring option 1c and quoting at least the aligned design to the agreed HST PUSCH manufacturer declarations as a reason.
It is our understanding that we previously agreed to declare PRACH HST support by feature and not by speed [4]:
	· High speed support declaration for HST PRACH - speed or feature based
· Allow BS to declare support for HST including [restricted set type A] and/or [restricted set type B] and/or [A2 for high speed mode] and/or [B4 for high speed mode] and/or [C2 for high speed mode] 



We also agree that, conditioned on the chosen centre frequencies for testing, long format PRACH represents testing at 350kph and short format PRACH exclusively represents testing at 500kph [4]:
	· PRACH format
· For 500km/h velocity, use PRACH format A2/B4/C2
· For 500km/h velocity, no extra requirements for PRACH format 0
· Common understanding: PRACH format 0 with 2334Hz also shows UE with 500km/h at 1.9GHz can be supported
· Frequency offset under AWGN for PRACH format 0 for 350km/h
· Restricted set Type A
· High-mobility scenario: 1340Hz
· Low- mobility scenario: 625Hz
· Restricted set Type B
· High-mobility scenario: 2334Hz
· Low-mobility scenario: 625Hz
· Frequency offset under AWGN for PRACH formats with short sequence length targeting 500km/h
· Align with PUSCH maximum Doppler shift



Hence, we observe:
Declaration of HST scenario support alone does not suffice to distinguish 350kph and 500kph scenarios. To declare support for either one or the other speed, one needs to be able to declare HST scenario support independently for long and short formats.
It is our understanding that only option 2, offers this possibility to declare HST support separately for long and short preambles, hence:
RAN4 to include two new manufacturer declarations “PRACH high speed train long format support” and “PRACH high speed train short format support”, i.e., follow option 2.


PRACH Test applicability for short PRACH formats
In the last meeting, the test applicability rules for restricted set type A and B were decided. During the discussion the question was raised, if a similar applicability rule would be required for short PRACH formats as well [2]:
	· Test applicability for long PRACH format restricted set type A and B
· Additionally, test applicability for long PRACH format restricted set type A and B needs to be defined if BS supports both types.
· 8.1.2.1.x Applicability of requirements for different restricted set types of long PRACH format 0

Unless otherwise stated, PRACH requirement tests for long PRACH format 0 with restricted set Type A and B shall apply only for the restricted set type declared to be supported (see D.110 in table 4.6-1). If both restricted set type A and type B are declared to be supported, the tests shall be done for type B; the same chosen mapping type shall then be used for all tests.
· Companies are encouraged to evaluate, if a similar test applicability rule is required for PRACH short format (for BS supporting multiple short formats).



We recognize the same “issue” is also present in short PRACH, a BS that declares to support A2, B4, and C2, will need to pass all the tests to be compliant. This is the same behaviour as explicitly captured for non-HST PRACH [5]:
	8.1.2.3.1 Applicability of requirements for different formats 
Unless otherwise stated, PRACH requirement tests shall apply only for each PRACH format declared to be supported (see D.103 in table 4.6-1).



Hence,
A BS that declares to support A2, B4, and C2, will need to pass all the tests to be compliant. This is in line with the non-HST tests.
RAN4 to not specify an additional test applicability rule for HST short PRACH.
However, or opinion on this topic is not very strong.



Conclusion
In this contribution we have provided our views on various open PRACH HST issues. In particular, TDLC300-100, manufacturer declarations, and test applicability for short PRACH.
We have made the following observations and proposals:

PRACH TDLC300-100 propagation conditions for long preamble formats
1. Receiver implementations that use optimized PDP combination can achieve higher PRACH performance for restricted set over unrestricted sets, given the exact same preamble and propagation condition. The effect varies depending on which exact preamble is chosen. 
1. Introduce TDLC300-100 for PRACH restricted set type A and B, as the Rel-15 TDLC300-100 unrestricted set requirements do not represent the restricted set enabled performance.

PRACH Manufacturer declaration
Declaration of HST scenario support alone does not suffice to distinguish 350kph and 500kph scenarios. To declare support for either one or the other speed, one needs to be able to declare HST scenario support independently for long and short formats.
RAN4 to include two new manufacturer declarations “PRACH high speed train long format support” and “PRACH high speed train short format support”, i.e., follow option 2.

PRACH Test applicability for short PRACH formats
A BS that declares to support A2, B4, and C2, will need to pass all the tests to be compliant. This is in line with the non-HST tests.
RAN4 to not specify an additional test applicability rule for HST short PRACH.
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* PRACH high speed support declaration for HST
— Option 1c: One declaration table entry for short and long

D.108  |High speed train Declaration of high speed train scenario support.
D.110 _ |PRACH format for high Declaration of supported PRACH format(s) for high speed train scenario, €. format O restricted set

speed train ltype A, format O restricted set type B, format A2, format B4, format C2
This declaration is applicable to HST PRACH only if BS declares to support high speed train in D.108.

— Option 2: Include the two new manufacturer declarations
“PRACH high speed train long format support” and “PRACH high
speed train short format support”,

D.10X_|PRACH high speed train long _|Declaration of the supported long PRACH format O restricted set configurations for high speed
format support train categories, i.e., not declared (no high speed train support), restricted set type A, restricted set
type 8, or both

D.10X__|PRACH high speed train short _|Declaration of high speed train support for each supported short PRACH format. .e., declare for
format support each of the supported formats of the set {A2, B4, C2},if high speed mode is supported.

— Option 4: One declaration table entry for short and long format,
no HST support

D.109 PRACH format for HST Declaration of restricted set type A and/or restricted set type B and/or A2 for high
speed mode and/or B4 for high speed mode and/or C2 for high speed mode or no
HST support for HST PRACH 1





