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1 Introduction

An efficient procedure for non-synchronized Random Access is essential for good performance of LTE. At the joint RAN1-RAN2 meeting in Cannes in June 2006 it was agreed that the non-synchronized RA burst in LTE carries 4 to 6 bits of information implicitly encoded in the RA preamble/signature, Figure 1. At the RAN2 adhoc on LTE, the random access procedure was further discussed, but decisions were not taken. The objective of this document is to compare the different options, proposed by companies at the adhoc meeting, for signalling the network’s response to the RA. The response includes but may not be limited to TA, scheduling grant and C-RNTI. It has been the intention to try to keep the discussion in this document as agnostic as possible to the 1-step vs 2-step issue.
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Figure 1: Random Access Procedure
2 Random Access Response Options

Five alternatives for responding to a non-synchronized Random Access (RA)  were listed at the meeting, see Annex. Common to all alternatives is that the following information needs to be conveyed to the UE:
· Timing Adjustment

· Scheduling Grant

· C-RNTI

The main difference between the alternatives is as to where and when this information is signalled. In particular, which of the elements are signalled on L1/L2 control channels and which if any are signalled on DL-SCH. When and how to assign C-RNTI also need to be determined.
For convenience of the comparison of the different alternatives (Subsection 2.3), we have tried to align the different signalling options (Subsection 2.2) to a common channel and content framework described in Subsection 2.1.

2.1 Channel and Content Framework
For the convenience of the comparison, we have tried to align the different signalling options to the following channel structure:
	Channel
	
	Comment

	RACH
	Random Access Channel
	

	“E-AGCH”
	Uplink Associated Control Channel
	(L1/L2 control channel for e.g. normal UL grants)

	“HS-SCCH”
	Downlink Control Channel
	(L1/L2 control channel for e.g. indicating DL allocations)

	UL-SCH
	Uplink Shared (Scheduled) Channel
	

	DL-SCH
	Downlink Shared Channel
	


The following notation is used to indicate the recipient address and the content of a message: 
address:(content),

where address is one of:

	C-RNTI
	Cell-RNTI

	I-RNTI
	Implicit C-RNTI

	T-RNTI
	Temporary C-RNTI

	CCCH-RNTI
	Single identifier for CCCH on DL-SCH

	X
	special format for L1/L2 UL control signalling


and content is one or more of:

	UE_ID
	C-RNTI, TMSI, IMSI, …

	RA_ID
	preamble identifier

	RAFN
	Random Access Frame Number (time reference to the RA)

	UL-RA
	uplink Resource Allocation

	DL-RA
	downlink Resource Allocation


2.2 Advocated RA Response Options
Below follows an attempt to list the options which were advocated at the RAN2 AH on LTE in Cannes 2006. The list is followed by some general remarks and a few comments/observations to the specific options.

Note on the assignment of Cell Specific UE identity: In the tables which follow, C-RNTI assignment is deliberately not indicated except for with Option 1, where C-RNTI is assigned with the RA response. For the general case, the question whether a C-RNTI is assigned early, with the RA response, or late, with the L2/L3 response message, is rather discussed in Section ‎2.4.
2.2.1 Option 1
	
	RACH
	“E-AGCH”
	“HS-SCCH”
	UL-SCH
	DL-SCH

	RA preamble
	:(RA_ID)
	
	
	
	

	RA response (synchronous)
	
	X:(RA_ID, UL‑RA, TA, T‑CRNTI)
	
	
	

	L2/L3 message
	
	
	
	:(UE_ID, …)
	

	…
	
	
	
	
	

	L2/L3 response
	
	
	T‑CRNTI:(DL‑RA)
	
	:(UE_ID, …)


2.2.2 Option 2

	
	RACH
	“E-AGCH”
	“HS-SCCH”
	UL-SCH
	DL-SCH

	RA preamble
	:(RA_ID)
	
	
	
	

	RA response (asynch ?)
	
	
	CCCH-CRNTI:(DL‑RA)
	
	:(RA_ID, RAFN, UL‑RA, TA)

	L2/L3 message
	
	
	
	:(UE_ID, …)
	

	…
	
	
	
	
	

	L2/L3 response
	
	
	CCCH‑CRNTI: (DL‑RA)
	
	:(UE_ID, RAFN, …)


2.2.3 Option 3

	
	RACH
	“E-AGCH”
	“HS-SCCH”
	UL-SCH
	DL-SCH

	RA preamble
	:(RA_ID)
	
	
	
	

	RA response (synchronous)
	
	
	CCCH-CRNTI:(DL‑RA)
	
	:(RA_ID, UL‑RA, TA)

	L2/L3 message
	
	
	
	:(UE_ID, …)
	

	…
	
	
	
	
	

	L2/L3 response (synchronous)
	
	
	CCCH‑CRNTI:(DL‑RA)
	
	:(UE_ID, …)


Note: Synchronous L2/L3 response or RAFN need to be indicated in the L2/L3 response
2.2.4 Option 4

	
	RACH
	“E-AGCH”
	“HS-SCCH”
	UL-SCH
	DL-SCH

	RA preamble
	:(RA_ID)
	
	
	
	

	RA response
	
	I‑CRNTI:(UL-RA)
	I‑CRNTI:(DL‑RA)
	
	:(TA)

	L2/L3 message
	
	
	
	:(UE_ID, …)
	

	…
	
	
	
	
	

	L2/L3 response
	
	
	I‑CRNTI:(DL‑RA)
	
	:(UE_ID, …)


Note: I-CRNTI based on RA_ID and RA frame number or RAFN need to be indicated in the L2/L3 response
2.2.5 Option 5a
	
	RACH
	“E-AGCH”
	“HS-SCCH”
	UL-SCH
	DL-SCH

	RA preamble
	:(RA_ID)
	
	
	
	

	RA response
	
	I‑CRNTI:(UL-RA, TA)
	
	
	

	L2/L3 message
	
	
	
	:(UE_ID, …)
	

	…
	
	
	
	
	

	L2/L3 response
	
	
	I‑CRNTI:(DL‑RA)
	
	:(UE_ID, …)


Note: I-CRNTI based on signature and RA frame number.
2.2.6 Option 5b

	
	RACH
	“E-AGCH”
	“HS-SCCH”
	UL-SCH
	DL-SCH

	RA preamble
	:(RA_ID)
	
	
	
	

	RA response (synchronous)
	
	I‑CRNTI:(UL-RA, TA)
	
	
	

	L2/L3 message
	
	
	
	:(UE_ID, …)
	

	…
	
	
	
	
	

	L2/L3 response
	
	
	I‑CRNTI:(DL‑RA)
	
	:(UE_ID, RAFN, …)


Note: I-CRNTI based on signature only.

2.3 General Considerations
As L1/L2 control signalling resources are limited one may want to consider sending TA and/or C-RNTI assignment information on DL-SCH. However, doing so does not necessarily improve the situation because, while potentially reducing the load on the “E-AGCH”, the DL-SCH transmission needs to be indicated on the “HS-SCCH” and therefore would consume “HS-SCCH” as well as DL-SCH resources. If “E-AGCH” and “HS-SCCH” share resources, this redistribution would appear pointless. If “E-AGCH” and “HS-SCCH” resources are separated however, some benefit may result.
When deciding where to signal the TA, one may want to consider if periodic TA shall be signalled exclusively on dedicated downlink resources, regardless of whether there is any DL data, or should be allowed to be signalled with UL grants which are anyway needed for instance for periodic measurement reports when no DL transmission is due.
Signalling of UL grants on the DL-SCH implies multiple grant handling mechanisms and extra delay between the scheduling decision and the UL transmission.

2.4 C-RNTI assignment 
Option 1 explicitly states that C-RNTI assignment is done through the RA response message. With options 2-5, however, one may consider either early or late C-RNTI assignment; i.e. with the RA response message or with the L2/L3 response message, respectively.
It should be noted that early C-RNTI assignment may, in fact, be more appropriately denoted “Temporary C-RNTI” assignment since the assignment is not ‘permanent’ and unambiguous until contention has been resolved. At the time of contention resolution, UEs which fail drop the T-CRNTI which then becomes the C-RNTI of the successful UE.

An early assignment would reduce the address space overhead associated with implicit C-RNTI based on Random-Access signature and time; an overhead which is proportional to the duration of the contention resolution process. Implicit C-RNTI based only on the Random-Access signature does not suffer from the overhead problem.
An early assignment would increase the size of the RA response message. Signaling of C-RNTI assignment with L1/L2 control signalling may be considered too costly. An early C-RNTI assignment would on the other hand eliminate the need for referencing the Random-Access Frame Number. 
Late C-RNTI assignment may necessitate referencing of the Random-Access Frame Number (or some other pointer (locally) unique to the particular random-access attempt); e.g. in case the duration of the contention resolution process spans more than one random-access sub-frame. Late C-RNTI assignment also implies that UEs which start their random-access procedures during the contention resolution window of some other, earlier, random-access process, may have to decode DL-SCH transmissions related to the earlier random-access process since the RA_ID does not uniquely identify the radom-access process. Note, however, that after decoding there is no ambiguity. A potential downside of the extra decoding would be power consumption. It is, however, unlikely that a UE waiting for a response with a C-RNTI assignment would stop its receiver in attempt to save power and thereby also potentially miss the response.
3 Conclusion

This document formalizes the initial access options advocated at the RAN2 Adhoc on LTE in Cannes, June 2006, and lists some pros and cons with the different solutions. It is proposed that companies bring forward remaining arguments of significance and that the merits of each option are discussed and summarized to aid an informed decision.

Annex
Alternatives

· Signature + (RACH channel used ) + Uplink grant + allocation of CRNTI, TA is sent  on CCCH sent on special format for L1/L2 uplink control signaling message (with uplink grant); UE is identified because it is synchronous to UL RACH transmission

· Signature + RACH channel used + sub-frame number + Uplink grant + TA is sent  on CCCH on DL-SCH with CCCH-CRNTI; one value needed only

· Signature + RACH channel used + sub-frame number + Uplink grant + TA is sent  on CCCH on DL-SCH (data part) with associated control signaling

· synchronous

· TA is sent  on DCCH on DL-SCH with implicit-CRNTI

· Uplink grant sent separately, using normal grant mechanism using implicit CRNTI

· Uplink grant + TA is sent  on special format for L1/L2 uplink control signaling message  (with uplink grant); using implicit CRNTI

· Implicit can be signature + RACH channel + sub-frame number

· Implicit can be signature only if this is synchronous to UL RACH

How is the resources for L1/L2 signalling shared between what is used for connected UEs, and for UEs performing RACH procedure?

When is C-RNTI allocated?

· First message in DL, with TA

· Is sent in second message in DL, after contention resolution, on CCCH (no HARQ)

· Is sent in second message in DL, after contention resolution, using HARQ, using implicit CRNTI
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