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1 Introduction

In RAN2#63 meeting the principle to share dedicated PRACH resource in time domain is agreed and way forward is also agreed in [1]. In this document based on [2] [3][4], some detail clarification is done on  the agreed code point. Furthermore, few more code points are introduced to enable UE share the PRACH resource more efficiently .
2 Discussions
2.1 Terminology and Explanation
UE send preamble on PRACH resource. One PRACH resource occupy 6RBs in frequency domain and 1~3 subframes which is up to configured PRACH format. For TDD mode preamble format 4 is located in UpPTS slot in subframe 1 and/or 6. 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.
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, 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.
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 2: 
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Figure 1

In figure 1, highlighted subframe is PRACH slot, and each PRACH frequency index among {f0 , f1, f2} indicates a yellow block within a PRACH slot where corresponding PRACH is mapped to. However there are at most 6 PRACH frequency indices considering 6 PRACHs at most in frequency domain.
So, it is obvious that UE can exactly know all available PRACHs’ physical locations in time/frequency domain before dedicated PRACH resource allocation. 
2.2 Clarification on single PRACH
TDD mode

If one dedicated preamble in only one of the PRACHs is assigned to UE, one general joint coding principle but not detail tables should be defined. PRACH index within radio frame  can be coded in ascending order of time domain first and frequency domain later or vice versa. And we believe former one is better because it is aligned with FDD mode. Take figure 1 case for example assuming sequence of PRACH frequency is the same as frequency index, here is the result. In addition 6 PRACH frequencies can only be coded as single PRACH because only one PRACH slot is available for UL/DL configuration 5.
	subframe
	0
	1
	2
	3
	4
	5
	6
	7
	8
	9

	f1
	　
	　
	3
	　
	　
	　
	　
	4
	　
	　

	f2
	　
	　
	5
	　
	　
	　
	　
	6
	　
	　

	f0
	　
	　
	1
	　
	　
	　
	　
	2
	　
	　


Table 1
FDD mode

Since there is only one PRACH frequency for FDD mode, it can follow the same rule with only one PRACH frequency.
Proposal 1: PRACH resource index within radio frame is coded in time domain first and frequency domain later
2.3 Clarification on even/odd PRACHs in time domain
TDD mode

Last meeting this type code point is explained as all PRACHs within same PRACH slot. Since UE will only use one PRACH in one time, for TDD mode it is not so radio resource-efficient way. Actually more than one UEs can share these PRACH resources if even/odd PRACHs in only one PRACH frequency are allocated for one UE. Here is one example for UL/DL configuration 1.
	subframe
	0
	1
	2
	3
	4
	5
	6
	7
	8
	9

	f1
	　
	　
	　
	5
	　
	　
	　
	　
	6
	　

	f0
	　
	　
	1
	2
	　
	　
	　
	3
	4
	　


Table 2 (UL/DL configuration1)
FDD mode

Since there is only one PRACH frequency, so nothing is changed for FDD mode. And FDD case can also be seen follow the same rule with only one PRACH frequency.
Furthermore if more than 2 PRACH frequencies are configured, then no more than 2 PRACH  slots are possible. Thus result that code point of even/odd PRACH in this case can be replaced by code point for single PRACH because only one PRACH will be in even or odd PRACH in PRACH slot.

Proposal 2: even/odd PRACHs in one PRACH frequency f0 and/or f1 are code as one code point.

2.4 Code point for all PRACHs in one frequency
TDD mode 
Logically  to share PRACH resource in time and frequency domain within radio frame among UEs can help reserve less  dedicated preambles compared to all PRACHs are assigned to only one UE. And it is important for TDD mode because the PRACH density in TDD mode is up to 6. So more preambles are demanded to reduce collision possibility. So it is better to assign all PRACHs on only one PRACH frequency. Since there could be up to 3 PRACH frequencies, there will be 3 code points. 
FDD mode
Since there is only one PRACH frequency, nothing is changed for FDD mode. And it could be also seen to follow the same rule with only one frequency.
Proposal 3: all PRACHs in one PRACH frequency f0, f1,f2 are coded as one code point.
2.5 Detail code point based on proposal1,2,3
	Small bandwidth
	　FDD/TDD
	Large bandwidth
	TDD
	FDD

	00
	all PRACHs in radio frame
	0000
	all PRACHs in radio frame
	all PRACHs in radio frame

	01
	1st PRACH in radio frame
	0001
	1st PRACH in radio frame
	1st PRACH in radio frame

	10
	2nd PRACH in radio frame
	0010
	2nd PRACH in radio frame
	2nd PRACH in radio frame

	11
	3rd PRACH in radio frame
	0011
	3rd PRACH in radio frame
	3rd PRACH in radio frame

	　
	　
	0100
	4th PRACH in radio frame
	4th PRACH in radio frame

	　
	　
	0101
	5th PRACH in radio frame
	5th PRACH in radio frame

	　
	　
	0110
	6th PRACH in radio frame
	6th PRACH in radio frame

	　
	　
	0111
	all PRACHs of f0
	7th PRACH in radio frame

	　
	　
	1000
	all PRACHs of f1
	8th PRACH in radio frame

	　
	　
	1001
	all PRACHs of f2
	9th PRACH in radio frame

	　
	　
	1010
	even PRACHs of f0
	10th PRACH in radio frame

	　
	　
	1011
	even PRACHs of f1
	even PRACHs in time domain 

	　
	　
	1100
	odd PRACHs of f0
	odd PRACHs in time domain 

	　
	　
	1101
	odd PRACHs of f1
	-

	　
	　
	1110
	-
	-

	　
	　
	1111
	-
	-


Table 3 detail code points considering proposal 1,2,3
2.6 TDD code point with frequency diversity
If  more than one PRACH frequencies are configured and  UE can send random access preamble on different frequency then some frequency diversity can be achieved. So possible way can be depicted by following pseudo code:

Certain PRACH in 1st PRACH slot is selected as initial PRACH in the PRACH resource pattern;

If   within next PRACH slot, one PRACH with next PRACH frequency index can be found  then

 Include  this PRACH into PRACH resource pattern

Else


take PRACH with frequency index f0  into PRACH resource pattern

End

Repeat the selection and stop at the last PRACH slot within one radio frame

Taking UL/DL configuration 2 for example the PRACH resource pattern could be:
	subframe
	0
	1
	2
	3
	4
	5
	6
	7
	8
	9

	f1
	　
	　
	3
	　
	　
	　
	　
	4
	　
	　

	f2
	　
	　
	5
	　
	　
	　
	　
	6
	　
	　

	f0
	　
	　
	1
	　
	　
	　
	　
	2
	　
	　


Table 4
For UE who is assigned with PRACH in green or red or ping the PRACH periodicity is still 5ms and it is possible to send dedicated preamble in different frequency bands. The rule can be applied to up to 3 frequencies i.e. f0,f1,f2. 
Proposal 4: to introduce additional 3 code points allow hoping between PRACH frequencies f0, f1 and/or f2.
2.7 Concern on code point for all PRACHs 
TDD mode 
As indicated in section 2.4 to apply all PRACH approach is not resource efficient way especially for TDD mode. Furthermore in MAC specification section 5.1.2 say if preamble and PRACH resource is signaled explicitly then UE can directly proceed to the transmission of the Random Access Preamble in section 5.1.3. thus means no PRACH frequency selection is not applied for contention-free RACH procedure in MAC specification currently. So in order to share PRACH resource more efficiently and to align with current MAC specification, the code point for all PRACH should be removed. And it can be replaced by code point indicating all PRACHs in f0.
 FDD mode
Since there is only one PRACH frequency, nothing is changed for FDD mode. And it could be also seen to follow the same rule with only one frequency.
Proposal 5: to replace code point for all PRACHs by code point for all PRACHs in f0
2.8 FDD code point for slot configuration #14
For FDD mode in case of configuration #14, the PRACH density is 10. if only one PRACH is assigned to UE then the actually periodicity of PRACH slot is 10ms which introduce much delay in this configuration. One way to reduce the delay is to assign number n and n+5 PRACHs e.g. 1st and 6th one for one UE s. For other slot configuration the maximum PRACHs within one radio frame is 5, so these PRACH can be coded as single PRACH from 1st PRACH to 5th PRACH.
Proposal 6: for slot configuration #14, two PRACHs indicated in section 2.8 is coded as one code point 
2.9 Detail code points based on proposal1,2,3,4,5,6
	Small bandwidth
	FDD/TDD　

	00
	all PRACH of f0

	01
	1st PRACH in radio frame

	10
	2nd PRACH in radio frame

	11
	3rd PRACH in radio frame


Table5 Code points of small bandwidth
	Large bandwidth
	TDD

	0000
	all PRACH of f0

	0001
	1st PRACH in radio frame

	0010
	2nd PRACH in radio frame

	0011
	3rd PRACH in radio frame

	0100
	4th PRACH in radio frame

	0101
	5th PRACH in radio frame

	0110
	6th PRACH in radio frame

	0111
	all PRACH of f1

	1000
	all PRACH of f2

	1001
	f0 of even subframes

	1010
	f1 of even subframes

	1011
	f0 of odd subframes

	1100
	f1 of odd subframes

	1101
	hopping pattern with initial PRACH on f0

	1110
	hopping pattern with initial PRACH on f1

	1111
	hopping pattern with initial PRACH on f2


Table 6 TDD code points considering proposal 4

	FDD(slot configuration 14)
	FDD(slot configuration other than 14)

	all PRACH in radio frame
	all PRACH in radio frame

	1st,  6th PRACH in radio frame
	1st PRACH in radio frame

	2nd ,7th PRACH in radio frame
	2nd PRACH in radio frame

	3rd, 8th PRACH in radio frame
	3rd PRACH in radio frame

	4th, 9th PRACH in radio frame
	4th PRACH in radio frame

	5th, 10th PRACH in radio frame
	5th PRACH in radio frame

	even PRACH in time domain 
	even PRACH in time domain 

	odd PRACH in time domain 
	odd PRACH in time domain 

	reserved
	reserved

	reserved
	reserved

	reserved
	reserved

	reserved
	reserved

	reserved
	reserved

	reserved
	reserved

	reserved
	reserved

	reserved
	reserved


Table 7 FDD code points considering proposal 5
3 Conclusion

Co-signed companies agree on code points in table 3 which could be start point. And if proposal 4 , proposal 5 and proposal 6 are acceptable then detail code points in table5,6,7 could be last conclusion. eNB can assign PRACH resource with one type of code point or combination of them.
The code points should be specified in MAC specification while some reference is needed to clarify the meaning of PRACH frequency and their sequence. The sequence of the single PRACH could also be referred to RAN1 specification.
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