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Discussion and decision
1 Introduction

During RAN2#59b and RAN2#60 some discussions took place on how to document the different loops of PRACH access in the specifications. Although some progress was made during RAN2#60 (see section 3), no overall conclusion has been reached yet. In this contribution we try to progress this issue.

The main intention with this paper is to trigger the necessary discussions. Therefore this paper contains more questions than answers.

2 UMTS

An quite detailed analysis of PRACH access in UMTS is appended in Annex A.
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An example behaviour w.r.t. PRACH access for the RRC CONNECTION REQUEST is shown graphically in the picture below:

Figure 1: PRACH access for RRC CONNECTION REQ

Figure 1 shows PRACH access attempts in case of continuous failure to get a response message. The behaviour consists of 3 repetition cycles:

1) power ramping cycle (L1)
2) short term repetition cycle (MAC)
3) longer term repetition cycle (RRC)
Note that if the RRC CONNECTION REQ is transmitted, further power ramping/short term repetitions are skipped and a next PRACH attempt will only take place after 4s to allow for the RRC CONN SETUP to arrive.

Annex A also investigates a connected mode case (UE CAPABILITY INFORMATION transmitted over PRACH), in which case almost continuous PRACH access during several seconds may be the result as shown in figure 2:
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Figure 2: PRACH access for UE CAPABILITY INFORMATION

In this case there are 4 repetition cycles (2 longer term repetitions cycles on RLC and RRC respectively).
3 LTE status

Following decisions have been taken so far:

1) RAN1/2 have decided that the power ramping is handled by MAC. As such there is no need to define a repetition loop in the physical layer specifications.

2) Based on R2-073057 discussed during the Athens meeting, RAN2 agreed that some backoff mechanism should be supported from the second RACH attempt; details are FFS. It is still FFS whether a backoff mechanism should also be introduced for the first RACH attempt.

This brings the question how to model the PRACH access between in MAC/RLC/RRC. This discussion was triggered for LTE by Ref[1] during RAN2#59b where it was proposed to model all repetitions in MAC. During RAN2#60 the issue was discussed again and the following conclusions were reached:

=>   MAC will model power ramping

=>   RRC will model SDU generation, and new SDU triggering(Msg3) if RRC is involved

=>   In case of initial access: 
When Msg4 is not received or with the wrong identity, RRC will have to initiate the   retransmission.

=>   Other cases FFS. 
4 Rationale
W.r.t. PRACH access, we identified 3 relevant error cases and 4 relevant scenarios:

4.1 Different error cases

When we look a PRACH access, there are different moments in time when something can go wrong:

E1) Msg2: 
no Msg2 after max Max Msg1 power ramped retransmissions
E2) Msg3: 
no HARQ ACK on Msg3 after max HARQ retransmissions
E3) Msg4: 
E31: no Msg4 (timeout)
E32: Msg4 with non-matching UE identifier.
Although it is clear that MAC will be the layer detecting E1 and E2, it is not yet clear what action should be taken and by what layer.

For case E3 it is clear that in case RRC is performing contention resolution, this will also need to be the layer taking any subsequent action. Other cases are FFS.
4.2 PRACH access scenarios
W.r.t. PRACH access, we see the need to differentiate between 4 different access scenarios:
	SC
	Scenario
	Layer requesting MAC to perform the UL transmission
	Contention Control

	1
	RRC CONNECTION REQUEST and
RRC CONNECTION RE-ESTABLISHMENT
	RRC ?
(empty PDCP/RLC ?)
	RRC

	2
	Arrival of UL data
	RLC
	MAC

	3
	Arrival of DL data
	MAC
	MAC

	4
	Handover
	RRC ?
(empty PDCP/RLC ?)
	MAC


Table 1: Contention resolution at MAC or RRC
In subsequent sections we will discuss each scenario separately. The description will only focus on the desired radio behavior. When this behavior has been agreed, the functional split across the different protocol layers should be discussed.
4.2.1  SC-1: RRC CONN ESTABLISHMENT / RE-ESTABLISHMENT

The UMTS behavior in case of continuously not receiving a response was shown in figure 1. This should be comparable to consistently not receiving a Msg2 in LTE.
Question 1:  
E1: Is there any reason to have a different behavior on the radio in LTE compared to the indicated UMTS behavior ? If not, 3 repetition cycles (ramping, short term, longer term) should be specified.
W.r.t. E2, the following question can be raised:

Question 2:  
E2: What should be the desired UE behavior when detecting E2 ? Is there a problem if due to a ACK->NACK error a quick retransmission might result in the network receiving the same RRC msg twice ?

The handling of E3 seems to be only possible at RRC level. E31 and E32 are currently already described in RRC. Both will result in an increment of the retransmission counter. E31 will result in a retransmission after timeout and E32 will result in an immediate request for a new retransmission.
4.2.2   SC-2:  Arrival of UL data
PRACH access for this case will depend on whatever is the agreed SR handling (in case no dedicated SR exists). We assume that as shown in figure 2, a quite dense PRACH access sequence should follow until the BSR can be transmitted. Further behavior and layering aspects are left to SR/BSR discussions.

4.2.3   SC-3:  Arrival of DL data
In this case the UE may be requested by the eNB to perform PRACH access for obtaining UL synchronization. A dedicated preamble might be given to the UE. Again the question is how many ramping cycles the UE would need to perform in this case.
Since we assume that typically a dedicated preamble is provided (i.e. no E2,E3), one could argue that the simplest approach of only performing one ramping cycle would be sufficient:
Question 3: 
In case the UE is requested to obtain UL synchronization for handling DL data, would it be acceptable to have the UE only perform one PRACH ramping cycle (i.e. until a Msg2 has been received or max retransmission is reached) ?
As a result, both “short term” and “longer term” re-attempts would have to be initiated by the network by requesting the UE again to obtain UL Sync.
For the case that contention preambles are to be used, a Msg3 will need to be sent by the UE (what msg, e.g. containing a BSR ?) and E2 and E3 may occur.  In this case the UE will need to run a timer for E3 to remove any timing status it would have obtained in Msg2. 
Question 4: 
Would there be a need for UE autonomous new ramping cycles if E2 or E3 are detected ?

4.2.4   SC-4:  Handover
Handover is a very specific case and many questions can be asked:
Question 5: 
Do we allow multiple ramping cycles before transmission of the handover complete message (E1) ? 
Question 6:
What should happen in cases E2 and E3 ? E.g. are they handled by connection re-establishment ?

4.3 Backoff handling

RAN2 has so far not agreed on a detailed mechanism for handling backoff. Still a question is whether backoff should be applied in between different accesses for one ramping cycle or in between 2 ramping cycles. 
Question 7:  
Should backoff handling in LTE (if agreed) be applied in between power ramping cycles (as in UMTS), or within a power ramping cycle ?
5 Proposal
It is requested for RAN2 to discuss the indicated questions. RAN1 should be consulted wherever considered necessary.
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Annex A: Handling of PRACH access in UMTS
In UTRA we potentially have RACH transmit loops at 4 levels:

L1:
Power ramping loop (4ms
)

· If MAC requests L1 to perform the PRACH access procedure, L1 may perform multiple attempts (up to counter value in Preamble Retransmission Counter) with power ramping until a positive response is received on AICH (25.214). Note that this loop concerns only max 1 transmission of the actual data.

MAC:
“Short term” loop (Typically few tens of ms; range ≈ [10ms ..6s]
)

· If RLC requests MAC to perform PRACH access, MAC may request L1 multiple times (up to counter value Mmax) to perform a PRACH access procedure. In between these procedure initiations, based on the result obtained from L1, the MAC will take care of backoff and persistency checking. In general MAC will attempt to initiate new attempts as soon as possible as allowed by the persistency / backoff parameter settings. (25.321).

RLC:
“Longer term loop1” (Typically some 100-200ms; range ≈ [10ms ..1000ms])

· If RRC or PDCP request RLC to perform an SDU transmission, RLC-AM may repeat the transmission multiple times if no RLC-ACK is received. The repetition at RRC level will continue after cell reselection and in-out-in service transitions. The repetition at RLC level will continue after cell reselection and in-out-in service transitions.

RRC:
“Longer term loop2” (Typically several seconds; range = [100ms..8s])

· Retransmissions initiated at RRC procedure level will enable repetitions over longer periods of time: again based on counters (N300/N302/N304), every T300/T302/T304 RRC will initiate a new request to MAC. The repetition at RRC level will continue after cell reselection and in-out-in service transitions.

· For the RRC CONNECTION REQUEST, Counter/Timer N300/T300 are used (default values in 34.108 values: 3/4s).

· For the CELL UPDATE, Counter/Timer N302/T302 are used (default values in 34.108 values: 3/4s.

· For the UE CAPABILITY INFORMATION, Counter/Timer N304/T304 are used (default values in 34.108 values: 2/2s).

Table A.1 / Figure A.1 provide an overview on these UMTS mechanisms for the UE CAPABILITY INFORMATION message sent over RACH:
	
	Assumed typical periodicity
	Configurable range of periodicity
	Assumed typical max repetitions
	Configurable range of repetitions

	L1 (25.214)
	4ms
	4ms
	4

	1..64


	MAC (25.321)
	22ms

	0 .. 6.4s
	2

	1..32


	RLC-AM
	100ms

	10..1000ms
	15

	1..40


	RRC CONN REQ
	4s

	100- 8000ms
	3

	0..7

	RRC UE CAPAB

	2s

	100-2000ms
	2

	0..7


Table A.1: UMTS retransmission overview
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Figure A.1: UMTS retransmission overview

With the default settings for the RRC CONNECTION ESTABLISHMENT and CELL UPDATE cases, the resulting in pattern in case of continuous failure will consist of several power ramping cycles spaced on average 22ms apart and this every 4s. A graphical example is shown in figure A.2
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Figure A.2: PRACH access for RRC CONNECTION REQ
For the UE CAPABILITY INFORMATION message, the situation is slightly different: in case of continuous RACH failure, this will result in a RACH access pattern at which the UE almost continuously attempts to access the RACH during quite long periods (e.g. 6s) sometimes interrupted due to backoff.  A graphical example is shown in figure A.3.
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Figure A.3: PRACH access for UE CAPABILITY INFORMATION
It is also interesting to look to the cause of retransmissions at the different layers. Here UMTS applies a quite clear protocol layering:


L1:


No positive AICH received


MAC:

L1 indicates no positive AICH received


RLC:

No RLC-ACK received


RRC:

No RRC response message received


































� 	Tp-p: Note that thus in LTE we will have less ramping opportunities per time as in UMTS


� 	The retransmission time in MAC depends on the configured Persistency value Pi, which is can be calculated from 2 broadcast parameters:


	Pi = “persistence scaling factor” * 2 ^ - (“dynamic persistence level “– 1)


	In 25.331, the range of the persistence scaling factor is: 0.2...0.9, and the range of the dynamic persistence level is: 1...8. As a result, the lowest Pi = 0.2 * 2 ^ -7. 


	MAC will draw every a random number [0..1], and if this number R is smaller than Pi will trigger L1 PRACH access; otherwise it will wait for 10ms. So the average period between 2 attempts  10ms * 1/Pi..


	With Pi=1, the average period would be 0 (no waiting), and with the lowest Pi we get the max average periodicity of 10ms * 1/(min persistency scaling factor * (2^-7)) = 10ms * 1/(0.2 * 1/128)) = 6.4s. In 34.123, default SIB5 contains a persistence scaling factor of 0.9, and default SIB7 a dynamic persistency value of 2 which results in an average period of 22ms


� 	34.108 SIB5 FDD


� 	Preamble Retrans Max (25.331)


�	34.108 SIB5/7 FDD


� 	34.108 SIB5 FDD


� 	Mmax (25.331)


� 	Typically directly related to the Timer_Status_Prohibit, which is 100ms in 25.331 for SRB2/3 in default configuration


� 	Timer_Status_Prohibit in 25.331 SRB2/3 default configuration


� 	Max_DAT (25.331)


� 	34.108: Default value for T300 in UE Timers and Constants in idle mode.


� 	34.108: Default value for N300 in UE Timers and Constants in connected mode.


� 	As an example, the UE Capability Information procedure is taken, in which the UE starts T304 for a maximum of V304 times.


� 	34.108: Default value for T304 in UE Timers and Constants in connected mode.


� 	34.108: Default value for N304 in UE Timers and Constants in connected mode.
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