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1. Introduction

In RAN2#54, discussions on non-synchronized random access resulted in a liaison statement to RAN1 with a set of questions regarding random access procedure [1].  This contribution proposes a response to the liaison statement.  
2. Random-Access Related Issues in E-UTRAN
The access procedure discussed by RAN2 is shown in Figure 1 [1] – 

1. One or more UEs transmit random-access preambles on the RA channel.

2. The eNB responds with Timing Alignment (TA), UL scheduling grant and possibly a C-RNTI assignment to. The response is directed/sent to an address/identity associated with the detected preamble, henceforth referred to as RA_ID. The RA_ID may or may not have the form of a C-RNTI.

3. The UE transmits a L2 or L3 message on the granted UL resource. The message indicates the identity (distinct from the RA_ID) of the UE (UE_ID).

4. To resolve contention the eNB transmits a message indicating the identity (UE_ID) of the UE for which the eNB successfully decoded message 3. The contention resolution message is sent to the UEs which listen to the RA_ID.
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Figure 1: Non-synchronized random-access procedure considered for E-UTRAN.
A number of issues, on which RAN WG2 would appreciate information and guidance from RAN WG1, have been identified:

1. RAN WG2 is considering whether the system should always use all the available preamble signatures or should allow the use of a subset of signatures.


2. RAN WG2 is considering different options for signalling UL grant, TA and possibly C-RNTI. Options include signalling:

· all of the aforementioned information on a common control channel mapped on the DL-SCH,

· all of the aforementioned on a special access grant channel dedicated to RA response signalling but mapped on radio resources that can be shared for other purposes and

· signalling of UL grant and TA on the regular L1/L2 control channels for UL grants and DL assignments.

3. RAN WG2 is considering whether message 2 should be synchronous or asynchronous relative to message 1 (being correctly received in the eNB).


4. RAN WG2 is considering whether UL message 3 should be transmitted with or without HARQ.


5. RAN WG2 is considering whether message 4 should be synchronous or asynchronous relative to message 3 (being correctly received in the eNB).


6. RAN WG2 is considering whether DL message 4 should be transmitted with or without HARQ.


7. RAN WG2 is considering capture effects in relation to HARQ and power control. A “Capture” is the event that the eNB manages to successfully receive one of the colliding transmissions.


8. RAN WG2 is considering a suitable operating point for the RA channel load/collision probability.

3. Discussion and Proposed responses to RAN2 questions

Question 1 – 

What is RAN WG1’s assumption on the eNB capability to decode uplink signatures: always the maximum (e.g. 64), or should the system allow to limit the number of signatures for e.g. eNB Hw simplification?

Response & Discussion –
It is our view that all eNB’s will have the capability to simultaneously decode the maximum number of uplink preambles (up to 64 preambles).   

Based on WG1 decisions in RAN1#46, random access preamble will use Zadoff-Chu sequence with Zero Correlation Zones.  Since multiple zones can be generated from one Zadoff-Chu sequence, only a limited number of different sequences may be required per cell.  In the eNB, an efficient receiver structure can be designed where all zones of the same Zadoff-Chu sequence can be detected simultaneously.  Thus, in practice the eNB will only have to decode a limited set of sequences and hence complexity is not expected to be an issue.   Therefore, the system should always use all the available preamble signatures.
Question 2 –  
RAN2 requests information on the capacity and configuration of the L1/L2 control channels.
Response & Discussion –
It is our view that random access response should be transmitted with minimum overhead and if possible use existing control channel (rather than define a special channel).  Since this response may be identical to the uplink grant (depending on whether timing advance is included in a regular uplink grant), our preference is to signal this message on the regular L1/L2 control channels for UL grants and DL assignments.  This allows re-use of the existing grant structure with only minor modifications but taking away one or more regular uplink grants.  Note that a small sub-set of available C-RNTI must then be reserved for the response.  However, this is not expected to be an issue.
If the shared control channel cannot accommodate this response (e.g. due to size constraint), then random access response should be transmitted as part of a common control channel mapped on the DL-SCH.  The mapping should be predefined so that additional signaling is not needed. Alternatively, a small field in the shared control channel is used to indicate the resource assignment for the response.
Question 3 –  
Are there any limitations to the feasibility of synchronous or asynchronous transmission of message 2 (with respect to message 1) from a WG1 perspective?

Response & Discussion –
Both synchronous and asynchronous transmission of message 2 is feasible from a WG1 perspective.  However, it is our view that synchronous transmission of message 2 should be supported in order to simplify non-synchronized random access procedure and minimize latency.  
With asynchronous transmission, eNB may delay transmission of random access responses in order to better utilize the radio resource (e.g. to serve scheduled users or to first respond to high-priority requests).  In addition, the eNB can respond to multiple preambles received simultaneously in a serial manner to simplify physical layer configuration for the response message.  However, with asynchronous transmission, a response window must be defined.  As a result, asynchronous transmission of message can significantly increase latency since the UE must wait until the end of the response window before re-initiating preamble transmission in the case that preamble was not successfully received at the eNB.  In addition, the window size will, to a certain extent, depend on the time period between random access regions.  Since this period may be configurable in semi-static manner according to random access load, different response window configurations will be required.    Finally, synchronous transmission leads to a simpler receiver operation since exact timing of the response is known.  
Question 4 –  
a) What is the maximum size of a single-TTI UL message transmitted without HARQ, with a BLER which is sufficiently low (e.g. 1%) even at cell edge?

b) What is the maximum size of a single-TTI UL message transmitted with HARQ with a maximum of 1 retransmission, under the same assumptions as a), and for a maximum of 2 re-transmissions?

c) Can HARQ be operated with a good success rate on the UL during contention?

Response & Discussion –
a) Based on our analysis, it is expected that an uplink data rate of approximately 32 kbps can be supported at the cell edge with sufficiently low BLER.  This is approximately twice the lowest supportable data rate (15 kbps) for random access in W-CDMA.  As a result, 32 information bits may be transmitted in a single-TTI (1 ms) uplink message.
b) With HARQ and a maximum of 1 retransmission, an uplink message of size 64 bits may be supported.  With 2 re-transmissions, an uplink message of size 96 bits may be supported.
c) Our analysis shows that H-ARQ can significantly increase the probability of capturing one of the transmissions during contention.  However, its overall success rate in resolving contention is not good.   With 2 contending users and 3 possible re-transmissions, the capture probability with H-ARQ is less than 50% with ideal open-loop power control.  Although H-ARQ cannot resolve contention with good success rate, it is very beneficial in ensuring message reception in the absence of accurate channel quality when there is no contention.  Furthermore, our analysis shows that the collision probability will be less than 1% for non-synchronized random access, hence H-ARQ should be supported for message 3.
Question 5 –  
Are there any limitations to the feasibility of synchronous or asynchronous transmission of message 4 (with respect to message 3) from a WG1 perspective?

Response –
Same response as to question 3 - it is our view that synchronous transmission should be used for message 4.

Question 6 –  
Can HARQ be operated on the DL with a remaining contention (where multiple UE may send ack/nacks simultaneously and potentially with different timing at eNB)?

Response & Discussion –
It is generally expected that message 4 will be transmitted using the downlink shared data channel which supports H-ARQ.  However, because of possible remaining contention, H-ARQ operations can be complicated when multiple UEs transmit different acknowledgments.  For example, if the eNB captures an ACK transmitted by UE 1 while contending UE 2 sends a NACK, the eNB will terminate any re-transmission attempt.  However, since asynchronous H-ARQ is used in the downlink, UE 2 will have to wait until the end of an H-ARQ response window before re-initiating random access procedure.  This may significantly increase random access latency.  Thus, H-ARQ may not be crucial especially if power control or AMC is used.  Thus, when channel information is available, message 4 can be transmitted reliably without H-ARQ. 
Question 7 –  
a) How is the Capture effect affected by the use of HARQ?

b) How is the Capture effect affected by the use of power control for messages 1 and/or 3; possibly different power settings for the two messages, respectively?
Response & Discussion –
a) Our analysis shows that H-ARQ can significantly increase the probability of capturing one of the transmissions during contention.  However, its overall success rate in resolving contention is not good.   With 2 contending users and 3 possible re-transmissions, the capture probability with H-ARQ is less than 50% with ideal open-loop power control.
b) The capture probability depends on the difference in received power between the contending users.  In general, the bigger the power difference, the larger the capture probability.  As a result, the use of power control will reduce the capture probability.  Having different power settings for message 1 and 3 should not affect the capture effect.
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