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Discussion and decision
1 Introduction

In [1] we have shown it was shown that it is preferable not to “steal” more than 1 bit of information from the random signatures supported on the RACH. 
In this contribution, we will investigate how such a bit could potentially be used and whether such a bit could bring significant gains. 
2 Cases to handle with “Message 3”

We assume that the aRACH, followed by Message 3, will be used for the cases indicated in table 1,
	
	Cause
	State transition
	Identity to be used
	Urgency
	Amount of data ready to be transmitted in the UL from/after msg3, apart from contention collision info

	a)
	Arrival of UL data
	RRC-Connected -> RRC-Connected
	C-RNTI
	Urgent
	Potentially large
(BSR, data (RRC/NAS/user data))

	b)
	Arrival of UL data
	RRC-Idle -> RRC-Connected
	TMSI
	Urgent
	(<= ± 110) 
(NAS SERVICE REQUEST)

	c)
	Arrival of DL data
	RRC-Connected -> RRC-Connected
	C-RNTI
	Urgent
	0 bytes


	d)
	Paging response
	RRC-Idle -> RRC-Connected
	TMSI
	Urgent
	<= ± 110
(NAS SERVICE REQUEST)

	e)
	Inter-ENB handover
	RRC-Connected -> RRC-Connected
	C-RNTI
	Urgent
	Might be 0, but also potentially large
(data (RRC/NAS/user data))

	f)
	Tracking Area Update
	RRC-Idle -> RRC-Connected
	TMSI, TMSI/TAI
	Non-Urgent
	<=  ± 160 bits
(TRACKING AREA UPDATE)

	g)
	Attach with IMSI
	RRC-Idle -> RRC-Connected
	IMSI
	Non-Urgent
	<=  ± 625 bits
(ATTACH)

	h)
	Attach/Call setup with IMEI
	RRC-Idle -> RRC-Connected
	IMEI
	Non-Urgent
	<=  ± 625 bits
(ATTACH)

	i)
	UL Sync
	RRC-Connected -> RRC-Connected
	C-RNTI
	Urgent
	0 bytes



Table 1: aRACH use cases
Note 1:
The size estimate for NAS signalling are only first estimates based on current NAS signalling (see ref [3])

Note 2:
Case a) includes the case of access to the source cell for sending a measurement report/STATUS PDU’s in case of a handover.

Note 3:
The occurrence rate of cases c) and e) in combination with a random signature is probably low if the majority of these cases are handled by dedicated signatures.

In the last column, the “non-urgent” classification is given to use cases that are not seriously harmed by another 10-50ms needed for an additional uplink message. In contrast, the “Urgent” cases should be handled as soon as possible since there are strict delay requirements.

3 Gain of radio channel condition signalling
[image: image1.wmf]In figure 2 we show the CDF of for different C/I for an ISD=500m case, and an ISD=1732 case.
Figure 1: CDF of UL C/I (from ref[4])
The 72 bits transmission with 2 HARQ should be possible at a C/I=-10dB. In contrast at a C/I=-4dB, with 2 HARQ retransmissions a message size of 280bits should be possible.

The figure shows that even if we have a measurement margin in the determination of the UL channel conditions of  e.g. 6dB, and thus might have to set the threshold for using the “CQI=high radio channel quality signatures” to 2dB C/I, still 55% of the UE’s in a large cell, and almost 100% of the UE’s in a smaller cell would be able to use the 280bits.
While we of course have to ensure that all cases listed in section 2 can be supported even if the UE only gets a minimum size allocation for Msg3, still from the last column in Table 1 it is clear that all but cases c), e) and i) would benefit from such a larger UL allocation. Therefore we would like to propose the following:

Proposal 1:
We will split the signature range in 2 subranges: 
Signature range 1: 
“UE is in good radio channel conditions and has more data to transmit in UL than the minimum allocation of 72 bits”

Signature range 2:
“UE is not in good radio channel conditions or does not have more data to transmit than the minimum allocation of 72 bits”

This type of definition would allow the ENB to allocated larger TF’s when the radio conditions allow, without wasting bits when the UE does not need more than the 72 bits allocation.

The allocation of the subranges could be specified in the standard, or broadcast on BCCH. To us it seems preferable to indicate the ranges on BCCH. This will provide the flexibility to e.g.:
· use the majority of signatures for indicating good channel conditions in small cells;

· use the majority of signatures for indicating bad channel conditions in very large cells;

Signalling the signature ranges for the different values (e.g. by signalling the highest signature to be used for “0”, meaning that all higher values signatures are used for “1”)  also allows to disable the mechanism allowing optimal randomisation.

The threshold when to signal “UE is in good channel conditions” could in principle be specified in the standard. However in order to provide more flexibility to the ENB, it might be good to allow configuration of this parameter on BCCH. This would e.g. enable the ENB to use larger threshold values in smaller cells.

Proposal 2:
BCCH will broadcast the signature ranges 1 and 2 and a threshold to be used by the UE for deciding when the UE can consider itself to be in good channel conditions.

Apart from the minimum allocation of 72 bits, we assume it should be left to the ENB implementation to decide what size to allocate when the UE indicates it is interested in sending more than 72 bits and in good channel conditions. As a result, the UE should be able to handle any size allocation which is 72 bits and higher for msg3.
Proposal 3:
It is proposed to support a variable size for Msg3, with a minimum size of 72 bits.
In [2] we will examine in more detail how variable sizes for message 3 can be supported.
3 Conclusion

It is proposed to discuss and agree on the following proposals:

Proposal 1:
We will split the random signature range in 2 subranges: 

Signature range 1: 
“UE is in good radio channel conditions and has more data to transmit in UL than the minimum allocation of 72 bits”

Signature range 2:
“UE is not in good radio channel conditions or does not have more data to transmit than the minimum allocation of 72 bits”

Proposal 2:
BCCH will broadcast the signature ranges 1 and 2 and a threshold to be used by the UE for deciding when the UE can consider itself to be in good channel conditions.
Proposal 3:
It is proposed to support a variable size for Msg3, with a minimum size of 72 bits.
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