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Introduction

In RAN2 meeting #50, the initial cell access procedure was discussed with the use of a two step initial cell access procedure [1] which merges transmission of the synchronisation request and the transmission of the scheduling request into a single uplink transmission step. The UL scheduling/synchronisation request message is transmitted over RACH and carries information used for synchronisation and contention resolution (signature sequence, UE generated random ID). In the downlink a similarly merged response message is transmitted over GPCH (grant physical channel) and carries information to identify the UE, to enable it to synchronise UL transmissions, to assign a new cell specific identity to the UE and to assign UL/DL shared channel resources.

The GPCH is different from the shared control channel(s) (SCCH), which is used to assign UL-SCH or DL-SCH resources in shared channel operation. As the UE has not been assigned a cell specific UE ID, the SCCH (as in the “normal” shared channel operation) may not be used at this stage. Therefore, system resources (e.g. time/frequency resources) need to be specifically reserved (static or slow to adapt to load variation) for the operation of GPCH and the description of the GPCH channel allocation needs to be broadcast via System Information
We propose to avoid specific resource allocation for merged initial access responses by avoiding the need for a common GPCH and to instead convey merged initial access response messages over the SCCH/DL-SCH. This has the following advantages:
· Avoids the need for the network to statically reserve resources for GPCH, hence the system is more efficient in the presence of load variations

· Avoids the need for System Information specific to GPCH. 
· Due to the use of shared channels, efficient resource management by the scheduler. 

We also propose to reduce the probability of access contention collisions during the initial access phase (scheduling/synchronisation request) through reservation of a pool of shared channel IDs for initial access purposes and through association of each access attempt with a particular downlink SCCH.
2
Proposal
In the proposed scheme a UE performs initial access by sending a scheduling/synchronisation request message containing:

· a UE selected Cell Specific Temporary ID (CSTI), selected from a pool of reserved Cell Specific IDs (CSIs)
· a UE selected SCCH
 (Shared Control Channel) index 
· explicit selection and signalling

· This is assumed to involve pseudo-random selection of one of a set or range of SCCH indices broadcast on System Information or defined in the standard, or alternative selection methods based upon other UE IDs (e.g. using IMEI or IMSI as an input) selection. 
· implicit selection and signalling

· The RACH used to send the request may associated with a SCCH index hence it needs not be signalled.

This is shown by Figures 1 and 2.







Figure 1: the selection of CSTI and SPCCH by UE according to the proposed initial access procedure.

[image: image1]
Figure 2: A realisation of the proposed initial access procedure

When the UE selects a CSTI from the pool of reserved CSIs it conveys this selection to the Node-B which could be via an explicit indication of the ID itself or via some other parameter/sequence which is related to the selected ID (layer 1 issue).
Given that the set of initial access IDs is finite, there is always a possibility that two or more UEs could try to use the same ID within a period of time.  It is envisaged that the Node-B would re-assign a more permanent CSI to the UE within a short period of time such that the originally selected temporary ID could be released back into the pool.  Thus, a UE would occupy a temporary ID for a period of time until the Node-B reassigns a more permanent ID.  This is termed here the temporary ID lifespan as shown in Figure 4.


[image: image2.emf]pool of available 

initial access 

(temp) 

ID’s/sequences 

UE takes 

temp ID from 

the pool 

more permanent 

ID’s (network 

assigned) 

ID space 

network 

assigns more 

permanent ID, 

temp ID 

released back 

into pool 

time 

temp ID 

lifespan 


Figure 4
Selection of the temporary ID by the UE allows for an immediate use of shared channels and reduced setup delays.  However, this also means that selection of the temp ID is subject to a collision risk (more than one UE trying to select the same ID).  This collision risk exists for the duration that the temporary ID is occupied by a given UE (the temp ID lifespan).  Contention probabilities and collision resolution methods are further discussed in Annex A.
The Node-B transmits the scheduling/synchronisation response message to the UE over the DL-SCH. The scheduling grant for DL-SCH is conveyed over the SCCH that was (implicitly or explicitly) signalled in the initial access request. The UE generated ID is used as the UE identification on the SCCH until the system assigns a more permanent shared channel UE ID to the user. The temporary ID selected by the UE is thus required for the time taken for this ID reassignment to occur. No system resources are reserved specifically for the transmission of scheduling/synchronisation response messages, instead resources are assigned on an as-needed basis by the scheduler.

Within the analysis given in Annex A for the probability of UE collision, it is shown that up to 75% reduction in probability of UE collision can be achieved with the proposed initial access procedure compared to the procedure proposed in [1]. 

3
Conclusion 

In this paper, we have proposed an initial cell access procedure for LTE in which

· The UE selects an identity at random from a pool of Cell Specific identities reserved in the cell for initial access 

· The UE selects the RACH to be used for transmission
· The UE selects an SCCH to be used by the Node-B for sending scheduling/synchronisation response messages. The selection may be explicit or implicit. 
· explicit selection 

· This is assumed to involve pseudo-random selection of one of a set or range of SCCH indices broadcast on System Information or defined in the standard, or alternative selection methods based upon other UE IDs (e.g. using IMEI or IMSI as an input) selection. 
· implicit selection 

· The RACH used to send the request is associated with a SCCH index. 
· The UE selected ID is explicitly signalled in the scheduling/synchronisation request message and the SCCH index is implicitly or explicitly signalled.  The UE selected ID is used as the UE identity on shared channels until a more permanent ID is assigned by the network.

· No specific resources need to be dedicated for transmission of scheduling/synchronisation responses

· Up to 75% reduction in probability of UE collision (failure due to more than one UE generating same random ID) is observed compared to the initial access procedure proposed in [1]. 
RAN2 is requested to consider the proposed method as a candidate method for initial cell access procedure in LTE and to agree the attached text for inclusion in TR25.813.
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5.4
Layer 3

Note:
This section will give a high level description of RRC (e.g. RRC states). If it is agreed that RRC does not belong to Layer 3 but is a sub-layer of Layer 2 in the control plane, the sections need to be reorganized.

Note:
From R2-051759: keep same functions when still valid with new functions (no CS Domain, etc) or move some of the functions in MAC e.g. MAC-states instead of RRC states? Entirely new RRC or evolution of RRC? Modelled as belonging to Layer 2? Keep or remove Idle mode (merge with URA_PCH, NAS/AS state linking/merge)? CELL_PCH not needed. URA_PCH kept. Remove CELL_FACH. “Cell_DCH” could be split in 2 states (same mobility principle): Active and Less-active (DRx) (may be MAC states…). RRC connection common to E-UTRA and UTRA or specific to E-UTRA?

5.4.1 Initial cell access procedure
· A fast initial cell access procedure is required.
· Initial cell access procedure shall be accomplished using transmission on RACH followed by communication over shared transport channels. The shared transport channels shall be associated with one or a set of SCCHs (shared control channels) in the normal manner.

· The initial access request will convey

·  a UE-selected shared channel ID
· This is selected from a set of shared channel IDs reserved for initial access.  The set may be defined a-priori or may be broadcast in system information
· a UE selected SCCH index
· this may either be explicitly signaled by the UE within the scheduling request or may be implicitly signaled by association with the particular RACH used to send the transmission
· The initial access response will be sent by the Node B over the DL-SCH. The allocated resource for the DL-SCH is conveyed on the (implicitly or explicitly) indicated SCCH. The UE-selected shared channel ID will be used as the UE identification on the shared channel until a more permanent shared channel ID is assigned by the network.
Annex A

Contention Resolution Mechanisms for Initial Cell Access Procedures

Two different initial access procedures discussed are: 

· The procedure proposed in [1] (Procedure 1): uses a UE generated random ID as the user identifier on RACH. Synchronisation/scheduling request message is sent over RACH. In downlink, synchronisation/scheduling response message is received over a non-scheduled grant physical channel (GPCH).

· The proposed procedure (Procedure 2): The synchronisation/scheduling request is sent over RACH. The message includes a UE derived ID and a SCCH (Shared Control Channel) index selected from a set or range of broadcast indices. The ID is derived from a set of CSTI (Cell Specific Temporary Identities) broadcast as system information. Synchronisation/scheduling response is sent to the UE over DL-SCH. The allocated resource for the DL-SCH is conveyed on the indicated SCCH. The UE derived ID (CSTI) is used as the UE ID on the shared channel until a more permanent UE ID is assigned by the network. 

The success of these schemes relies on the degree of contention resolution on RACH. We discuss a number of possible mechanisms to resolve UE collision in initial access procedures. Final above initial access procedures are compared with respect to the probability of UE collision seen in initial cell access.
A1. Levels of contention

Due to the use of UE derived ID and the use of contention channel for the transmission of initial synchronisation/scheduling request message, contention may be resulted at both UE ID level and physical resource level. 

A number of UE collision scenarios can be envisaged for the Procedure 1, as illustrated in Figure A.1.

Case 1: Two or more UEs selecting different random IDs; however same physical resource is used to transmit the request at the same time.

· Use of the same physical resource unit would cause interference among users. This may result in messages from some or all users being corrupted. However, as the UEs are using different random IDs, there would not be collision at the UE ID level.

Case 2: Two or more UEs selecting the same random ID; however different physical resource units are used to transmit the request at the same time interval.

· Any number of the transmitted messages from the UEs may be received by the Node B. If the Node B receives messages from more than one UE with the same random ID at the same time, Node-B may realise the UE collision and may ignore the request. However, if message from only one UE is received by the Node B, the Node-B may not be aware of other UEs selecting the same random ID. Hence, Node-B would grant a resource and the UE would be informed about the assigned resources on grant physical channel (GPCH) with the selected random ID being used as the UE identifier. All the UEs which have selected the same random ID may mis-interpret the message as being intended for them and would transmit the RRC connection request message using the assigned shared resources causing further collision. 

Case 3: Two or more UEs selecting the same random ID and the same physical resource unit is used to transmit the request at the same time interval.

· This situation is similar to the situation described in Case 2 above.

Case 4: UEs selecting a random ID, which is occupied by another UE. 

· The collision risk exists for the duration that the temporary ID is occupied by a given UE (the temporary ID lifespan).


[image: image3]
Figure A.1: UE collision scenarios can be seen in Procedure 1. 

In Procedure 2, contention seen RACH depends on whether the SCCH is implicitly or explicitly signalled in scheduling/synchronisation request. Figure A.2.1 shows the contention scenarios seen in the case SCCH is explicitly signalled. In this case, contention may result if

Case 1: Two or more UEs selecting different CSTI/SCCH combinations however same physical resource is used to transmit the request at the same time. The different CSTI/SCCH combination can be realised through the selection of 



Case 1a: different CSTIs and different SCCH




Case 1b: same CSTIs and different SCCH




Case 1c: different CSTIs and the same SCCH

· The effect of contention seen on RACH is similar to the situation described in Procedure 1: Case 1. Even though, the collision occurs on RACH, no collision would be seen at the UE ID level.

Case 2: Two or more UEs selecting the same CSTI/SCCH combination however different physical resource units are used to transmit the request at the same time interval. 
· This situation is similar to Procedure 1: Case 2.

Case 3:  Two or more UEs selecting the same CSTI/SCCH combination and same physical resource unit is used to transmit the request at the same time interval.

· This situation is similar to Procedure 1: Case 3.

Case 4: A UE is selecting a CSTI/SCCH combination which is occupied by another UE.

· This situation is similar to the Procedure 1: Case 4.
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Figure A.2.1: UE collision scenarios can be seen in Procedure 2; in the case SCCH index is explicitly signalled in the scheduling/synchronisation request message.

Figure A.2.2 shows the contention scenarios seen in the case SCCH is implicitly signalled. In this case, contention may result if

Case 1: Two or more UEs selecting different CSTIs however same physical resource is used to transmit the request at the same time. 

· The effect of contention seen on RACH is similar to the situation described in Procedure 1: Case 1. Even though, the collision occurs on RACH, no collision would be seen at the UE ID level.

Case 2: Two or more UEs selecting the same CSTI however different physical resource units are used to transmit the request at the same time interval. 

· No collision is resulted as UEs will be listening to different SCCH channels.
Case 3:  Two or more UEs selecting the same CSTI and same physical resource unit is used to transmit the request at the same time interval.

· Collision is resulted at two levels: at physical resource level and UE ID level as UEs are listen to the same SCCH with the same CSTI.
Case 4: A UE is selecting a CSTI combination which is occupied by another UE.

· Only if the same RACH is selected by the UEs collision will happen.


[image: image6]
Figure A.2.2: UE collision scenarios can be seen in Procedure 2; in the case SCCH index is implicitly signalled in the scheduling/synchronisation request message.

A2. Probability of UE Collision
In this section, probability of UE collision seen in the procedure 1 and 2 is analysed. Only the collision seen at the UE ID level is considered in the calculation. 

The probability of UE collision seen in Procedure 1 is a function of the number of random IDs, N, average number of UEs accessing the system at a given time, A, and lifespan of the temp Id (in terms of number of radio frames), L. The probability of UE collision is given by 
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The probability of UE collision seen in Procedure 2 is a function of the number of CSTIs, M, number of SCCHs (or number of RACH in the case SCCH is implicitly signalled), S, average number of UEs accessing the system at a given time, A, and lifespan of the temp Id (in terms of number of radio frames), L .  The probability of UE collision is given by
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It can be seen from Equations (1) and (2), when 
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 the probability of UE collision seen in Procedure 2 equals that of Procedure 1.

Note that the number of signature sequences (which are used in UL time synchronization) can also be taken into account in the probability calculation. Let the number of signature sequences be K. Then the effective number of random IDs equals NK. So the effect of the number of signature sequence on the probability of UE collision can be captured by substituting NK for N in Equation 1. Similarly, the effect of signature sequences in Procedure 2, can be captured by replacing MS by MSK in Equation 2. 

The number of random IDs, N, is a function of number of bits used to represent the random ID. For example, if 
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 number of bits is used to represent the random ID, and then the maximum number of random IDs equals
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Figure A.3 and A.4 illustrates relationship between the probability of UE collision and the number of bits used to represent the temporary ID (or combination of CSTI and SCCH index).  The probability of UE collision decreases with the increase number of random IDs (or combination of CSTI and SCCH index). 

Figure A.3 shows the effect of number of concurrent UEs, A, accessing the system on the probability of UE collision. In the illustration, the number of concurrent users accessing the system in a radio frame is varied from 5 to 30. The probability of collision increases with the increase number of users accessing the system at a given time. 
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Figure A.3: The effect of number of concurrent UEs, A, accessing the system on the probability of UE collision

As can be seen in Figure A.4, the increased number of temporary ID lifespan, L, also increases the probability of UE collision. The lifespan of the temporary ID is increased from 1 to 4 radio frames. Five concurrent UEs accessing the system (A=5) is assumed in the figure. The probability with A=5, 10, and 20 is given in Table A.1. 

Table A.1: The effect of temporary ID lifespan on the probability

	L
	A=5
	A=10
	A=20

	Temp Id lifespan = 1
	1.53*10-4
	6.86 * 10-4
	2.9*10-3

	Temp Id lifespan = 2
	6.86*10-4
	2.9*10-3
	1.18*10-2

	Temp Id lifespan = 3
	1.6*10-3
	6.6*10-3
	2.67*10-2

	Temp Id lifespan = 4
	2.9*10-3
	1.18*10-2
	4.71*10-2
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Figure A.4: The effect of temporary ID lifespan on the probability (A= 5)

A3. Mechanisms for Contention Resolution
In this section, we discuss a number of mechanisms which can be used to reduce the probability of UE collisions.

Scheme 1: Following the discussion in Section 2, one immediate method of reducing the probability of UE collision is to expand the available number of temporary IDs. However, this has a drawback of increase number of data bits transmitted on the contention based channel resulting in increased interference to other users.

Scheme 2: Another way of reducing the probability of UE collision is to select the temporary Id based on a unique initial UE id, such as IMSI, TMSI, etc. 

The discussion in Section 2 also suggests that the probability of UE collision can be reduced by limiting the lifespan of the temporary Id. 

Scheme 3: One way of limiting the lifespan of the temporary ID is to divide the pool of temporary IDs into a number of sub-sets of IDs. Each sub-set of IDs is available once during the temporary ID lifespan. For example, it is assumed that a temporary ID lifespan is 4 radio frames. Then the pool of temporary IDs is divided into four sub-sets as shown in Figure A.5. Each sub-set is exclusively available for selection on each of four radio frames. Thus, the potential for two or more UEs to select the same temporary ID is eliminated as long as they are selected in different frames.
A drawback of this scheme is that the number of available temporary IDs in each radio frame is reduced resulting in increased probability of UE collision in each radio-frame. 


[image: image14]
Figure A.5: An illustration of Scheme 3.

Scheme 4: Another way of limiting the lifespan of the temporary ID without reducing the number of available temporary IDs in each radio frame is shown in Figure A.6. Here, the entire pool of temporary IDs is available for selection in each radio frame. However, the associated SPCCHs (shared physical control channels) available in each radio frame are varied in a pre-determined pattern. Thus, the network and the UE would know which SPCCHs are available in each radio frame. In other words, SPCCH index 1 in radio frame 1 and SPCCH index 1 in radio frame 2 refer to different SPCCH channels.  Even though, UE1, UE2, UE3 and UE4 have selected the same temporary ID, UEs would be listing to different SPCCHs in downlink, therefore avoiding UE collision. 


[image: image15]
Figure A.6: An illustration of Scheme 4.

A4. Comparison
Among the contention resolution mechanisms described in Section 4, Scheme 1, 2 and 3 are applicable to Procedure 1, while Scheme 4 can not be implemented in Procedure 1 due to the lack of an associated control channel.

All the schemes described in Section 4 are applicable to Procedure 2.

This section analyses the probability of UE collision with contention resolution mechanisms applied to Procedure 1 and Procedure 2. 

Probability of UE collision seen in Procedure 1 with Scheme 3 is given by
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Probability of UE collision in Procedure 2 with Scheme 4 is given by
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Figures A.7 and A.8 compare the probability of UE collision seen in Procedure 1 with Scheme 3 and Procedure 2 with Scheme 4. Scheme 1 and 2 are not considered in the probability comparison as they have similar effect on Procedure 1 and Procedure 2. The lifespan of temporary ID is assumed to be 4 while, five concurrent UEs are assumed to be accessing the system at a given time (radio frame). The figures also show the probability of UE collision when contention resolution schemes are not applied. Figure A.7 is drawn to liner scale while Figure A.8 is shown in log scale in y axis. 
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Figure A.7: Comparison of the probability of UE collision seen in procedure 1 and Procedure 2.
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Figure A.8: Comparison of the probability of UE collision seen in procedure 1 and Procedure 2.

Figures A.7 and A.8 illustrate reduced probability of UE collision in Procedure 2 compared to that of Procedure 1. 
Table A.2 lists the reduction in probability of UE collision with the proposed procedure (Procedure 2) compared to that of procedure proposed in [1] (Procedure 1). The results are shown for the number of random IDs range from 64 to 65536 and the number of UEs accessing the system equals 5 and 10. The results show that up to 75% reduction in probability of UE collision can be achieved with the proposed initial access procedure compared to the procedure proposed in [1]. 

Table A.2: The reduction in probability of UE collision with the proposed procedure compared to that of procedure proposed in [1].
	Number temp ID (or combination and CSTI/SPCCH index)
	Number of UEs accessing the system (A = 5)
	Number of UEs accessing the system (A = 10)

	26 = 64
	70.4%
	46.3%

	28 = 256
	73.9%
	68.8%

	212=4096
	74.9%
	74.6%

	216 =65536
	74.99%
	74.97%


The probability analysis shows that reduced probability of UE collision is seen in the proposed procedure (Procedure 2) compared to that of procedure proposed in [1] (Procedure 1). Thus we can conclude that the proposed procedure reduces UE collision during initial cell access without expansion of the number of temporary IDs/ sequences, 
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� A set of  SCCHs (Shared Control Channels) are assumed to be associated with a DL-SCH or UL-SCH (e.g. as HS-SCCHs are associated with HS-DSCH) 
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