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1. Introduction
At RAN2#56bis, it was decided that a contention resolution message would be sent with a T-RNTI on L1/2 in case of initial access [1]. The details of the contention resolution message for non-initial access were marked as FFS.

In this contribution we want to discuss the use of the contention resolution (CR) message in somewhat more detail, both for the initial access and the non-initial access cases. 
2. Initial access case
Figure 1 shows the initial access sequence possibly including a CONTENTION RESOLUTION message. 
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Figure1. RACH for initial access with/without CR
The CONTENTION RESOLUTION message reduces the initial access delay in case of an aRACH collision i.e. it enables the losing UE to detect early that it ‘lost’ and should retry. The UE will operate a timer that is started upon succesfull delivery of the Combined L3 message. If the UE has not received a response message prior to the timer expiry, it will retry aRACH access. In case no CONTENTION RESOLUTION message is used, the UE timer has to overcome the additional delay associated with the S1 transfer and the MME processing.

However, as mentioned before, aRACH should be designed for a low collision probability [2][3]. This means that the delay reduction resulting from the CONTENTION RESOLUTION message occurs infrequently i.e. in around 99% of all cases the CONTENTION RESOLUTION message would be transmitted unnecessarily. Hence, our proposal is to apply a seperate CONTENTION RESOLUTION message only in case the complete NAS information required to trigger the message to the MME does not fit in the Combined L3 message (see [4]). In this case it would be preferable to have the contention resolved before subsequent uplink grants are allocated. If Msg3 did include all NAS information required to trigger the message to the MME, then the contention resolution is handled by the RADIO CONNETION SETUP message.
Proposal 1:

In case of initial access:

A) If not all information required to trigger the S1 message to the MME is included in Msg3:
· A separate CONTENTION RESOLUTION message is transmitted by the eNB to resolve contention before any further uplink grants are allocated to the UE.

B) If all information required to trigger the S1 message to the MME is included in Msg3:
· Contention resolution is handled after the eNB has received a response message from the MME, e.g. as part of a RADIO CONNECTION SETUP message.

We assume that for case A, a timeout timer or around 15ms can be used after successful transmission of combined L3 message (eNB processing (4) + eNB scheduling margin (5) + first transmission (1) + second transmission (5)). In case B), a timer value of around 50ms would be applicable (case A + 2*S1(10) + MME processing(15)). 
3. Non-Initial access case

An example of non-initial aRACH access is shown in figure 2. 
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Figure2. RACH for non-initial access with CR

In figure2, with a separate CONTENTION RESOLUTION message, the losing UE can retry aRACH procedure after around 24ms (same as aRACH for initial access). If the UE receives CONTENTION RESOLUTION successfully at the first CONTENTION RESOLUTION transmission, the UE can retry aRACH procedure after 19ms. 
Instead of a separate CONTENTION RESOLUTION, we could use a L1/L2 control channel transmission (for an UL or DL grant) as an indication to the winning UE, using the C-RNTI already owned by the UE before the aRACH access. This is shown in figure 3. 
In this case:

· Winning UE: knows that “I’m winning UE” since grant includes C-RNTI info sent after receipt of the scheduling request
· Losing UEs: knows that “I’m losing UE” after timer expiry and if it cannot receive any C-RNTI info or CONTENTION RESOLUTION message scheduled by T-RNTI during the timer
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Figure3. aRACH for non-initial access without CR
Also in this case, it should be possible to use a small timeout value of e.g. 15ms.

The usage of the L1/L2 control signaling would make it possible to use a normal UL or DL grant to this UE instead of a separate message. 
Proposal 2:

In case of non-initial access:

· Contention resolution can be achieved by using normal L1/2 signaling: if the already-connected-UE receives L1/L2 control signaling with its C-RNTI, it shall assume that it has won the contention resolution. Any losing UE will decide to restart an aRACH attempt based on expiry of a timer.

Special handling may be required for cases in which there is no UL or DL allocation required for this UE. E.g. the handling of an asychronuous UE performing a synchronization request can be discussed further.
4. Evaluation of collision scenarios
Although initial access and non-initial access are distinct cases, they may anyway collide. Table 1 gives an overview on the consequences for different collision cases.

	Winning UE
	Losing UE
	Applied timer 
by losing UE
	Impact of current proposals

	Connected mode
	Connected mode
	Short timer
	Very limited

	Idle mode
	Connected mode
	Short timer
	Very limited

	Connected mode
	Idle mode
	Longer timer
	Potentially 35ms additional delay up to aRACH restart if Msg3 contains all required NAS information

	Idle mode
	Idle mode
	Longer timer
	Potentially 35ms additional delay up to aRACH restart if Msg3 contains all required NAS information


Table 1: different collision cases
Note that for all listed cases, the proposed updated behaviour has no impact if we compare it to the situation before this proposal, in case the losing UE fails to receive the CONTENTION RESOLUTION message (i.e. winning UE acks before losing UE can receive the CONTENTION RESOLUTION message). In general the case that the winning UE acks before the losing UE might occur quite frequently: i.e. it is quite likely that the UE in the best radio conditions is also the UE for which the signature and Msg3 were received.
5. Proposal

Given an expected low aRACH collision probability of around 1%, and given the fact that even if we have a CONTENTION RESOLUTION message it might frequently not be received by the losing UE, we think it is worthwhile to try to reduce the overhead caused by a separate CONTENTION RESOLUTION message.  RAN2 is thus requested to consider the following 2 proposals:

Proposal 1:

In case of initial access:

A) If not all information required to trigger the S1 message to the MME is included in Msg3:

· A separate CONTENTION RESOLUTION message is transmitted by the eNB to resolve contention before any further uplink grants are allocated to the UE.

B) If all information required to trigger the S1 message to the MME is included in Msg3

· Contention resolution will be handled after the eNB has received a response message from the MME, e.g. as part of a RADIO CONNECTION SETUP message.

Proposal 2:

In case of non-initial access:

· Contention resolution can be achieved by using normal L1/2 signaling: if the already-connected-UE receives L1/L2 control signaling with its C-RNTI, it shall assume that it has won the contention resolution. Any losing UE will decide to restart an aRACH attempt based on expiry of a timer.
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7. Assumptions and calculations (Annex)

The delay calcuations are based on the following assumptions (as derived from [5]).

	Description
	Duration

	RA opportunity delay (expected waiting time)
	5ms

	RA preamble
	0.5ms

	RA response delay (end of RA preamble ( reception of scheduling grant)
	3ms

	TTI
	0.5ms

	Radio Interface frame alignment (expected delay)
	0.25ms

	S1 transfer delay
	TS1 (1ms – 15ms)

	UE processing delay
	C-plane
	3ms

	
	U-plane
	1ms

	
	L1 only (e.g. coding according to received grant)
	0.5ms

	eNB processing delay
	C-plane
	4ms

	
	U-plane
	1ms

	MME processing delay
	NAS processing
	5ms

	
	context retrieval, NAS processing
	15ms
























































































































































