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1 Introduction

In RAN2#63bis meeting assignment of PRACH resource related to dedicated preamble has been well discussed. Detailed code points for FDD have been agreed in text proposal in [1]. While for TDD some additional code points were proposed in [2][3] but not settled. Another issue raised during discussion is when multiple PRACHs in frequency domain are available, should UE select PRACH resource randomly or deterministically?
2 Discussions
2.1 Observation
In this document PRACH slot refers to subframe(s) covered by one PRACH, and a PRACH frequency index indicates certain frequency sub-band (6 RBs) occupied by one PRACH within considered PRACH slot.  The PRACH frequency index and corresponding frequency location is roughly illustrated in figure 1 assuming PRACH format 0 , 6 PRACHs/10ms and UL/DL configuration 1: 
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Figure 1

According to subsection 5.7.1 in TS 36.211, the PRACHs for each PRACH configuration shall be allocated in time first and then in frequency if and only if time multiplexing is not sufficient. So in most case PRACHs are located on 1st PRACH frequency i.e. f0. And PRACHs in frequency domain are detached into both sides of UL system bandwidth and mapped to frequency sub-bands indicated by PRACH frequency indices in the order of f0,f1,f2,f3,f4,f5.  

When considering multiple PRACH frequencies it is only necessary to take f0,f1 and f2 into account because only one PRACH slot exists when more than 3 PRACH frequencies are assigned. And thus those PRACH resource can be indicated by code points for single PRACH which has already been agreed during the meeting.
2.2 All PRACHs on one frequency
The additional code points mentioned both in [2] and [3] is “all PRACHs on one frequency” . Since up to 3 PRACH frequencies should be considered totally 3 code points are needed:
· All PRACHs on f0

· All PRACHs on f1

· All PRACHs on f2

The main benefit for this code point is that they would allow reuse of signatures without or with less delay penalty. For “all PRACHs on f0” there is no extra delay compared to all PRACH on all frequencies. For other code points UE may wait few more milliseconds to send random preamble e.g. “all PRACHs on f1” in the case of figure1.
So the question is whether “all PRACHs on one frequency” are needed  ? If it is needed then all the 3 code points will be introduced or part of them ?

Companies’ view:

[ZTE]: ZTE prefer to introduce all these 3 code points.
[NNSN]: Nokia and Nokia Siemens Networks see benefits to all PRACH on one frequency and supports to include these 3 code point.  

[CATT]: Agree to add these 3 code-points.

[Huawei]:   all the 3 code points are needed.
[CMCC] :We support to introduce these three code points.
[Ericsson]: Ericsson is supportive of having code points for restricting preamble transmissions to 1st, 2nd and 3rd PRACH Index, respectively, within a subframe. We propose to capture these with the free code points 13, 14 and 15, respectively

2.3 Selection of PRACHs
When  multiple PRACHs in one PRACH slot are assigned to one UE, it need to decide whether it select one PRACH randomly or only pick unique PRACH e.g. on f0 [4]. For example in figure 1 if “all PRACHs” or “odd PRACHs in time domain” are assigned to one UE. And it  try to send dedicated preamble in subframe #3 . Since there are two PRACHs within the same subframe, UE either decide to randomly select one PRACH or the PRACH on f0.
Both code point “all PRACHs” or “even/odd PRACHs in time domain ” are related to this issue. In order to make it clearer the two types of code points are discussed in separated sub-topic:

Sub-topic 1, for code point “all PRACHs”, there are 2 alternatives:

· Alternative1: UE randomly select one PRACH among PRACH frequencies;

· Alternative2: UE select the PRACH on f0 

Companies’ view:

[ZTE]: For contention based RACH procedure UE has to select one of the PRACHs because UE need only one PRACH to send preamble. And it is natural to select randomly from UE point of view because in MAC layer there seems no difference among these PRACH frequencies. Furthermore same preambles are shared among different PRACH frequencies because collision will only be possible when same preamble is sent on the same PRACH frequency . In case of dedicated preamble there is some difference. Firstly if UE is allowed to select PRACH randomly it means the same preamble can’t be shared among different PRACH frequencies any more even only one PRACH is used. Secondly dedicated signalling which is used to assign dedicated preamble and PRACH resource can simply limit PRACH resource UE can select from. Thirdly PRACHs are always located on f0 at first which means to select PRACH on f0 will not introduce any extra delay compared to select PRACH randomly. Another benefit for alternative 2 is selection behaviour in MAC layer can be saved at last. And thus make MAC specification simpler. 
So ZTE prefer alternative2.

 [NNSN] Nokia and NSN prefer the alternative 1 to equal the PRACH load and to allow frequency diversity. The benefits that alternative 2 could bring are already achieved from the proposal in 2.2 (question 1) to allow possibility to allocate all resources in one frequency. Especially in this case there is no good reason to remove  all PRACHs” configuration.
[CATT]: Our viewpoint is we should indeed link this discussion with B10. In B10, we try to find an appropriate way to balance the overload on each PRACH due to contention-based RA. Based on this intention, the code-points “all PRACHs” and “even/odd PRACH in time domain” provide some simple methods to distribute the overload caused by contention-free RA on all PRACHs. So we prefer to keep these code-points. Please see our opinions below to the proposals offered by rapporteur. Prefer the alternative1.
[Huawei]:  prefer Alt.1 slightly.

[CMCC]: We have no strong opinion on this issue. From performance aspect, “all PRACHs in radio frame” is not very effective. If this code point is used, we might have to reserve more dedicated preambles. However, since we still have several spare code points, to keep the commonality between FDD and TDD, we’re fine if most companies would like to keep it.
[Ericsson]: For the 'all PRACHs' code point, we prefer to select the PRACH randomly among the PRACHs available in a subframe for consistency with the random preamble case and frequency diversity. 
Sub-topic 2, for code point “even/odd PRACHs in time domain” there are 2 alternatives:
· Alternative1: UE randomly select one PRACH among PRACH frequencies;
· Alternative2: UE select the PRACH on f0
Companies’ view: 
[ZTE]: based on above analysis, ZTE prefer alternative 2.
[NNSN] Nokia and NSN prefer the alternative 1 to equal the PRACH load and to allow frequency diversity. This sub-topic is a bit different than previous case since the selection of one frequency (proposed in 2.2/question 1) can not be used simultaneously with selection of even/odd.  The alternative 2 would only have limited use cases in those configuration where defined multiple PRACH resources are defined in time and frequency, to unify the specification we slightly prefer to use random selection also in this case.

[CATT]: Prefer the alternative1.
[Huawei]:  no strong opinion.

[CMCC] We’ve slight preference on alternative 2, and correspondingly, we think even/odd PRACHs of f1 should be added.
[Ericsson]: For the even/odd PRACHs in the time domain, we prefer to select the lowest PRACH Index among the PRACHs available in a subframe to allow reuse of the remaining PRACH(s) in the subframe for other UEs for capacity. 2nd and 3rd PRACH within a subframe may not recur with the same frequency as the 1st PRACH, but this can be exploited by eNB for differentiation between different use cases. Hence, it is not necessary to divide the even/odd PRACHs in the time domain into subcases in the frequency domain. While picking the lowest PRACH index is our preference, random selection may also be acceptable. 

If “to select PRACH on f0” approach is acceptable then it sounds a bit strange to define one code point which indicated possible multiple PRACHs in one PRACH slot while in MAC specification UE behaviour of selecting unique PRACH is still defined.  And the company who propose to only select one PRACH mainly concern 1st PRACH frequency i.e. f0. So “to select PRACH on f0” approach is equivalent to replace code point “all PRACHs” for “all PRACHs on f0” and change “even/odd PRACHs in time domain” to “even/odd PRACHs on f0”. In this way it make code point much clearer and simplify MAC specification indeed. So we would like to discuss following sub-topic 3:
Sub-topic 3,  if “to select PRACH on f0” is acceptable ,following proposal could be acceptable?

· to replace “all PRACHs” for code point “all PRACHs on f0”

· to change “even/odd PRACHs in time domain” to code point “even/odd PRACHs on f0”
companies’ view:
[ZTE]: we think both two changes can be acceptable.
 [NNSN] We do not see this as a good way forward; see answers in sub-topics 1 and 2.

[CATT]:  See answer to sub-topic 1/2.
[Huawei]: no strong opinion
[CMCC] Please see the answers for question 2.
[Ericsson]: It is our understanding that MAC has no notion of frequency so it would be better to refer to "lowest PRACH Index" within the concerned subframes.

3 summary
	
	
	Selection of PRACHs

	
	Code points for All PRACHs on one frequency
	Sub-topic 1, for code point “all PRACHs”
	Sub-topic 2, for code point “even/odd PRACHs in time domain”
	Sub-topic 3

	ZTE
	all 3 code points 
	Alternative 2
	Alternative2
	Both change is acceptable

	Nokia&NSN
	all 3 code points
	Alternative 1
	Alternative 2
	Keep “all PRACH” code point;

To have code point: “even/odd PRACH on f0”

	CATT
	all 3 code points
	Alternative 1
	Prefer to have following code points: 

even/odd PRACH on f0

even/odd PRACH on f1;
if both are not acceptable, then alternative 1
	Keep “all PRACH” code point;
To have following code points: 

“even/odd PRACH on f0”
“even/odd PRACH on f1”

	Huawei
	all 3 code points
	Prefer alt1 slightly
	No strong opinion
	No strong opinion

	CMCC
	all 3 code points
	No strong opinion 
	Prefer alt2 slightly 
	“even/odd PRACH on f0” is ok

	Ericsson
	All 3 code points (13,14,15)
	Alternative 1
	Prefer Alternative 2, but alternative 1 may also be acceptable
	Keep “all PRACH” code point;

To rename  “even/odd PRACH” to:

Every, in the time domain, even PRACH opportunity

Lowest PRACH Index in subframe

Every, in the time domain, odd PRACH opportunity

Lowest PRACH Index in subframe


Table 1
4 way forward and proposals

All company agree to introduce code point for “PRACH on one frequency”, so it is proposed in proposal1. And for sub-topic 1, majority companies agree to keep this point. And furthermore UE will randomly select PRACHs within one PRACH slots. Though the code point is thought not so much useful, still we can agree on alternative 1. As for code point of “even/odd PRACHs in time domain” ,  it is observed that in only 3 cases (i.e. PRACH index 18 with UL/DL 1 and 3, PRACH index 19 with UL/DL 1)  PRACH maybe located on f1 and is 2.5%  of valid combination of PRACH index and UL/DL configuration. So it does not make too much sense to select PRACH randomly in this case. During email discussion only one company prefer to alternative 1. And other companies seem not prefer for UE to select PRACH randomly. Of them one company prefer also to locate PRACH on f1 independently. So we can agree on proposal 3.
In order to align code point between 11/12 and 13/14/15 in terms of  PRACH index, it is suggested to “1st PRACH index in subframe” rather than “lowest PRACH Index in subframe” which is proposed by Ericsson originally because PRACH is allocated time domain first and frequency domain later which means the lowest PRACH index must be 1st PRACH index in subframe.
proposal 1:  to introduce all 3 code points for “PRACH on one frequency”

proposal 2:  to keep “all PRACH” code point and UE selects the PRACH randomly among the PRACHs available in PRACH subframe for this case

proposal 3: UE selects the PRACH with 1st PRACH index in case of “even/odd PRACHs in time domain”

proposal 4: To rename code point “even/odd PRACHs in time domain” to

Every, in the time domain, even PRACH opportunity

1st PRACH Index in subframe
                                                    &

Every, in the time domain, odd PRACH opportunity

1stt PRACH Index in subframe
Proposal 5: to agree on code points in Annex

5 Annex: Allowed PRACH

	PRACH 
Mask Index
	FDD
	TDD

	0
	All
	All

	1
	PRACH Index 0
	PRACH Index 0

	2
	PRACH Index 1
	PRACH Index 1

	3
	PRACH Index 2
	PRACH Index 2

	4
	PRACH Index 3
	PRACH Index 3

	5
	PRACH Index 4
	PRACH Index 4

	6
	PRACH Index 5
	PRACH Index 5

	7
	PRACH Index 6
	N/A

	8
	PRACH Index 7
	N/A

	9
	PRACH Index 8
	N/A

	10
	PRACH Index 9
	N/A

	11
	Every, in the time domain, even PRACH opportunity
1st PRACH Index in subframe
	Every, in the time domain, even PRACH opportunity
1st PRACH Index in subframe

	12
	Every, in the time domain, odd PRACH opportunity
1st PRACH Index in subframe
	Every, in the time domain, odd PRACH opportunity
1st PRACH Index in subframe

	13
	N/A
	1st PRACH Index in subframe

	14
	N/A
	2nd PRACH Index in subframe

	15
	N/A
	3rd PRACH Index in subframe
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