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1.
Introduction

In this document, we discuss the message 4 for random access. We think that random access procedure will be used for scheduling request as well as initial access. UE in RRC connected mode can send scheduling request on RA when data to transmit in uplink arrive after an inactive period. Therefore, we discuss how to transmit and receive the message 4 in case of scheduling request as well as initial access.
2
Initial Random Access
2.1
Winner and losers for initial access
When collision occurs during random access, only one UE will win and continue the procedure. The other UEs will lose and re-try random access after a while. The contention resolution message on DL SCH helps such losing UEs to quickly find out they lose and re-try random access. 
However, in this case, one problem is that the winner will be always delayed until the RRC Contention Resolution message is completely transmitted regardless of existence of collision. Collision occurrence probability is much smaller than the probability of collision-free random access. Thus, in most cases, eNB should unnecessarily delay winning UEs.
For this reason, for initial access, a RRC Connection Setup message for the winner should be transmitted together with a RRC Contention Resolution message. In this case, the RRC Connection Setup message can prevent the winning UE from being delayed. 
Furthermore, RRC contention resolution would contain one global UE ID only with header overhead. Thus, it would be small in size. In case that RRC contention resolution is combined with RRC Connection Setup in one RRC message, we could reduce padding and so efficiently utilize radio resource.

Therefore, we propose to transmit the RRC Connection Setup with contention resolution in one RRC message 4 for initial access as shown in figure 1.

[image: image1.emf]UE eNB

Random Access Preamble

1

Random Access Response

2

RRC Connection Request

3

RRC Connection Setup

and RRC Contention Resolution

4


Figure 1: Initial random access procedure
2.2
Indication of L1/L2 control channel

When the RRC Connection Setup message is transmitted, temporary C-RNTI in message 2 should be indicated on associated L1/L2 control channel. UE for initial access follows only temporary C-RNTI because UE has no C-RNTI before RA. It is because UE has no C-RNTI for RA.
2.3
UE Behaviour

During this procedure, when UE receives the temporary C-RNTI on L1/L2 control channel, the UE receives the message indicated by the temporary C-RNTI. If the message is a RRC Connection Setup message including contention resolution and includes the global UE ID that was included in the message 3, the UE considers oneself as a winner and considers temporary C-RNTI as private C-RNTI. Then, the winning UE sends ACK to eNB and starts uplink transmission to transmit a RRC Connection Setup Complete message. 
On the other hand, when UE receives the temporary C-RNTI on L1/L2 control channel, if the message is a RRC Connection Setup message including contention resolution and does not include the global UE ID that was included in the message 3, the UE considers oneself as a loser. Then, the losing UE would perform back-off and then RA again. 
3
Random Access for Scheduling Request
3.1
Contention Resolution Message for Scheduling Request

When RRC connected UE performs RA, collision can occur. One scenario is that UE in RRC connected mode sends scheduling request on RA e.g. when data to transmit in uplink arrive after an inactive period. We assume that the scheduling request is not RRC signalling, but MAC signalling. Thus, when eNB receive such message 3, the message is terminated at MAC, not at RRC in eNB. 
In this case, RRC cannot produce a RRC Contention Resolution message because RRC does not know reception of the scheduling request message. Hence, we propose that the contention resolution message should be MAC signalling for scheduling request as shown in figure 3. 
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Figure 3: Random access procedure for Scheduling Request
3.2
Winner and losers for Scheduling Request

We see the same problem as mentioned in section 2.1. Thus, if only the MAC contention resolution is transmitted, a winner will be delayed until the MAC contention resolution is completed. Thus, we propose that when UE sends scheduling request, eNB should send scheduling grant and contention resolution to the UE. Also, we propose that eNB MAC sends scheduling grant message earlier than or at the same time with MAC contention resolution message. Whereby, we can prevent a winner from being delayed as well as losers from being delayed.
We assume that scheduling grant message is transmitted on a L1/L2 control channel or a physical grant channel like R6 AGCH or RGCH. On the other hand, contention resolution is transmitted in a MAC control PDU because message 3 would be terminated in MAC.
Alternatively, we could consider combining scheduling request and contention resolution in a MAC control PDU. However, we think in normal cases scheduling grant will be transmitted on the L1/L2 control channel. We prefer scheduling grant is transmitted in the same way in any case. Hence, we don’t consider this alternative. 
Instead, we could transmit scheduling request and contention resolution in the L1/L2 control channel. But, this requires addition of a special format into the L1/L2 control channel. 
For those reasons above, for scheduling request, we propose to separate message 4 into two: scheduling grant (message 4a) on a L1/L2 control channel and contention resolution (message 4b) in a MAC control PDU.
In addition, we think one contention resolution message would include a private C-RNTI of the winner only with header overhead. Thus, the MAC control PDU would be very small in size. That will cause padding overhead.

For this reason, we prefer that one MAC contention resolution message can be used for multiple winners within a certain time period. In this case, the MAC contention resolution message includes a list of private C-RNTIs of the winners within the time. As a result, several temporary C-RNTIs on one L1/L2 control channel can indicate one MAC contention resolution message including a list of winners related with the temporary C-RNTIs.
3.3
Indication of L1/L2 Control Channel

In this scenario, since UE already has its own, private, C-RNTI before RA, when scheduling grant is transmitted on the L1/L2 control channel for uplink transmission, scheduling grant contains private C-RNTI allocated to UE before RA. Thus, only the winner can use the scheduling grant.
On the other hand, eNB indicates temporary C-RNTI allocated by message 2 through the L1/L2 control channel for downlink transmission of MAC contention resolution. Thus, losers can check contention. 
3.4
UE Behaviour

During this procedure, UE should check the L1/L2 control channel indicating private C-RNTI with scheduling grant and the L1/L2 control channel indicating temporary C-RNTI for MAC contention resolution message within a certain time span. 
When UE receives the private C-RNTI on L1/L2 control channel with scheduling grant, the UE will consider oneself as a winner regardless of reception of the MAC contention resolution message. Then, the UE starts uplink transmissions on a radio resource allocated by the scheduling grant.

On the other hand, when UE receives the temporary C-RNTI on L1/L2 control channel and receives a MAC contention resolution message indicated by the temporary C-RNTI, the UE checks if the private C-RNTI is included in the MAC contention resolution message. If there is no private C-RNTI corresponding to the UE in the MAC contention resolution message, the UE considers oneself as a loser. Then, the losing UE would perform back-off and then RA again.
4. 
Conclusion
In conclusion, when message 4 is sent for initial access, we propose that RRC transmits the RRC Connection Setup message with RRC contention resolution in message 4 which is indicated by temporary C-RNTI on L1/L2 control channel.
When message 4 is sent for scheduling request, we propose that MAC transmits scheduling grant (message 4a) with private C-RNTI on a L1/L2 control channel and also MAC contention resolution (message 4b) in a MAC control PDU which is indicated by temporary C-RNTI on L1/L2 control channel because MAC scheduling request i.e. message 3 is terminated in MAC, not in RRC.
In addition, in case of a MAC procedure, one MAC contention resolution message is proposed to indicate multiple winners related with several temporary C-RNTIs to reduce padding overhead. Thus, several temporary C-RNTIs on L1/L2 control channel for message 4 can indicate one MAC contention resolution message.[image: image3.png]
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