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1. Introduction

This contribution summarizes the e-mail reflector discussion on random access channel.

2. Summary of discussion
Two e-mail threads were started on the reflector.  The first e-mail thread was related to the following topics:
a) Random access procedure: Physical random access procedure for non-synchronized random access (based on R1-062434).
b) Random Access channels: Definition of the time-frequency region (BW, where is it located, how often it occurs etc.), when it occurs (probably timing relative to the BCH or other common control channel etc. 

c) Random Access preamble sequence: Preamble format definition including ZC-ZCZ sequence construction, sampling frequency, guard interval length etc.
d) Random Access sequence selection: Sequence implicit association with message (cause, random ID, CQI) etc. 

e) Opinion on Synchronized random access is also welcome.
However, this e-mail thread failed to generate any discussion.

The second e-mail thread was based on suggested response to RAN2 LS (R1-062434) wherein RAN2 asked 7 questions to RAN1.  This generated a lot of interest from multiple companies.  Most of these companies also had a contribution for the Seoul meeting.  The responses are summarized in the enclosed spreadsheet.  

It may be noted that it is very hard to draw any consensus from the e-mail discussion.  It is suggested to hold the discussion during the Seoul meeting so that a consensus can be reached on how to respond to the LS.
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Random Access LS

		Question		R1-062576
Samsung, NTT DoCoMo, NEC		R1-062595
Motorola		R1-062853
Ericsson		R1-062899
Siemens		IP Wireless		Texas Instrument		Qualcomm		R1-062822
Nokia		LGE		Panasonic
R1-062811, R1-062812

		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?		System should have the possibility to limit the number of signatures used in a cell		eNB is always able to decode all of the uplink signature sequences		System should have the possibility to limit the number of signatures used in a cell		eNB is always able to decode all of the uplink signature sequences				eNB is always able to decode all of the uplink signature sequences

(if configurable cyclic shift increment depending on the cell size is possible, no significant HW complexity savings would result from reducing the number of searched sequences)		eNB is always able to decode all of the uplink signature sequences		System should have the possibility to limit the number of signatures used in a cell		System should have the possibility to limit the number of signatures used in a cell		System should have the possibility to limit the number of signatures used in a cell

(limit the total number of signatures only for small scale eNB which would be deployed indoor or under-ground, i.e. low capacity eNB, for hardware simplification by reducing the number of random ID)

		Question 2 –  
RAN2 requests information on the capacity and configuration of the L1/L2 control channels.		The detailed structure of L1/L2 control channel is not determined in RAN1. However, there are two possible options on transmission method of message 2.
• Option 1: All the message 2 information is transmitted using downlink shared data channel.
• Option 2: Among message 2 information, scheduling grant and/or TA is transmitted using downlink L1/L2 control channel. Other message 2 information such as C-RNTI is transmitted using downlink shared data channel.
The resources used for transmitting message 2 are pre-determined or dynamically scheduled.		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.

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.		The control channel design in RAN1 is not yet stable and it is therefore hard to provide any feedback on this question. Generally, providing a response on the DL-SCH has less restrictions on the message size compared to using the control L1/L2 control channels.		Of course, the L1 control channels have yet to be agreed in RAN1 and therefore an exact statement on the capacity and configuration is difficult to make.
We propose making statements along the following lines:
• Control channel structure yet to be agreed
• The physical resources used for the L1 control channels is likely to be in the range 15-30% of the total subframe resources
• It is FFS whether the control channel would be localised to specific symbols within the subframe
• The approximate capacity of the L1 control channel resources would be approximately 10-20 bits in 1.25MHz.		We do not see a particular requirement for the random access response to look much (any?) different from a normal uplink grant.  The grant will need to contain the initial UL timing adjustment which may take a slightly different form from perhaps a smaller differential timing update in the grant for normal timing synchronisation.  But in any case, it would seem that if we can utilise a normal uplink grant channel for RACH response then the system complexity can be kept to a minimum.  This is similar to option 2 mentioned by NEC/DoCoMo/Samsung, but we currently do not see the need for the additional DL-SCH message.				In our view L1/L2 control channel would be approximately 40 bits, including the CRC field.
The number of L1/L2 channels is configurable with BCH messages.		Divide the message 2 between L1/L2 control channel and DL-SCH: UL resource allocation for message 3 should be given with L1/L2 control channel, everything else on DL-SCH. Because message 2 is sent rarely, we do not see reasonable to complicate L1/L2 control channel structure because of that.				Agreement with Samsung/Docomo/NEC's view

		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?		Synchronous
Massage 2 is better to be synchronously transmitted with respect to message 1 considering UE receiver complexity and battery consumption.		Synchronous
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.		No preference
From a RAN1 perspective, there are no fundamental limitations in feasibility of either scheme. As long as the response is transmitted before the possibility for random access preamble transmission, either scheme should work fine.		No Preference
We do not see a fundamental problem with the response message being either synchronous or asynchronous. If asynchronous, it would be useful to define a time window for the Node Bs response. The message 2 could be sent by including the RA_ID on the L1 control channel to indicate the DL RBs containing the remaining information (TA etc.), in which case it would have a very similar format to the DL SCH and be compatible with the SCH scheduling mechanism.		Asynchronous
An asynchronous response allows for improved scheduling flexibility.  We do not see an argument based upon battery consumption as a valid one given the rather low occurrence of non-sync RACH access and the short duration of time that each access lasts for.				Asynchronous
We do not see any limitations in practice in either case from WG1 perspective.  From WG2 perspective however, our preference is asynchronous for scheduling flexibility reasons.		Synchronous
A fixed separation between the messages 1 and 2 is favoured because of simplicity. Also, it would lead to a shorter delay because in case of failure UE would start the back-off procedure immediately after the fixed delay.				Synchronous
The trade off of the scheduling flexibility obtained by asynchronous should be checked.

		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?		(a) 26 bits.
(b) 52 bits & 76 bits 
(c) This answer depends on the collision probability of message 1. If the collision probability is 1%, HARQ is operated successfully at 99% probability.		(a) 32 bits 
(b) 64 bits & 96 bits
(c) H-ARQ cannot resolve contention with good success rate (less than 50% success rate), but, it is beneficial iwhen there is no contention.  With the collision probability will be less than 1% for non-synchronized random access, hence H-ARQ should be supported.		(b) & (c) In general, using hybrid ARQ retransmissions on a contention-based channel can be problematic. The contents of the soft buffer at the receiver on the activity of the “other” colliding user as well as the timing relation to the desirable user. Thus, relying on hybrid ARQ may not be a suitable way of increasing the supportable payload size.		(a) & (b) 250, 500 or 700 considering 1, 2 or 3 maximum transmissions respectively for 95% coverage
(c) Not likely that retransmissions will cause the TTI to be received successfully. Thus the impact of contention on HARQ will be to multiply the resources wasted by a collision by the maximum number of transmissions.				The results we obtained with the new numerology confirm what we already observed with the old one: at same detection rate, the coverage performance of 1ms TTI data sent over 2 subframes with the best protection and a small payload (16 bits) still misses at least 4 dB compared to that of the 1ms preamble. This raises the issue of a cell-edge UE that successfully transmitted a preamble, but cannot send the second step. So we think that retransmissions might be the only way to reduce this gap. Moreover, if 1ms RACH is not sufficient to address large cells, there is always the possibility to extend the preamble duration to 2ms. For the 2nd step of the procedure, retransmissions could play a similar role.		(a) In case of no load (not a practical case), maximum uplink message size that does not utilize HARQ is at most ~50 bits. In case of a loaded system, the maximum message size is only about 20 bits.
(b) For loaded system, 2x20=40 bits (or slightly larger) for 1 re-trans,  3x20=60 bits (or slightly larger) for 1 re-trans.
(c) We do not think HARQ can be operated with good success during UL contention in E-UTRA. However, HARQ will increase the probability that the strongest UE in contention is successfully decoded at eNode B.		(a)  24 bits could be a typical value although we cannot reach that in all the cases chosen for the system evaluations. 
(b) Depending on the BW and scheduling, one retransmission allows 3 – 4 dB lower SINR or correspondingly larger packet. After the second retransmission the gain of retransmissions is 6-7 dB. This would mean 48 and 72 bits (or a little more) with one and two retransmissions, respectively.
(c) We have not yet studied this. The effect depends on the BW and frequency scheduling and hopping. Our proposal is that the standard should allow retransmissions of message 3. We think that preparing for retransmissions causes hardly any complexity increase. After sending message 3, UE just needs to check both the UL and DL allocations instead of only looking for the DL allocation for the message 4.				(a)&(b)
The message size of a single-TTI UL message transmitted with HARQ of 1-retransmission and 2-transmission would be 2.1 times and 3.3 times compared to no-HARQ, respectively.
(c)
If there is more than 3 - 6 dB received power difference of the two UEs, HARQ works well and capture effect can be obtained.
We believe that HARQ should be applied for the message 3 with the maximum re-transmission number limitation from physical layer perspective.
More details is discussed in R1-062812.

		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?		Asynchronous
Considering the application of HARQ for message 3 for efficient and high quality transmission, asynchronous transmission of message 4 with respect to message 3 is assumed.		Synchronous		Asynchronous
No restriction from a physical layer perspective. Asynchronous transmission seem preferable for scheduling flexibility reasons.		Asynchronous
If the UE(s) at this stage posses a C-RNTI, then the DL transmission could be scheduled in the usual manner.		Asynchronous
More flexible scheduler operation.				Asynchronous
We do not see any physical limitation from WG1 perspective.  From WG2 perspective however, our preference is asynchronous in order to be able to exploit HARQ gains for message 3.		Asynchronous
The only reason to synchronize 4 with respect to 3 would be to save UE’s power. That is not essential taking into account the rareness of non-synchronized RA procedures.

		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)?		HARQ can be operated on the DL with a remaining contention assuming relatively low collision probability such as 1%. However, the necessity of HARQ for message 4 should be verified. Regarding the impact of UL ACK/NACK, the transmission scheme (QPSK or OOK) for ACK/NACK may have the different influences on HARQ with contention.		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.		Using hybrid ARQ on a contention-based channel may be problematic as discussed in Q4. Mis-alignment of the timing of hybrid ARQ ACKs and NACKs due to contention, may further have undesirable effects on the data transmissions of other UEs.  Therefore, from a simplicity perspective, it seems preferable not to use hybrid ARQ for this message.		If there is a collision and HARQ is operated on the DL, then the performance of the HARQ may be affected due to collisions in the ACK/NACK. A collision will occur if one UE has correctly decoded the transmission whilst a second has not and hence the UEs are sending different responses; if the UEs are sending the same responses we assume they would combine over the air. There are two possible outcomes of a collision:
• Node B interprets the collision as an ACK, in which case only the UE that has correctly received the message responds and the contention is ended. 
• Node B makes retransmission(s) until the second UE has also received the transmission and both respond ACK.
Thus the HARQ performance is not degraded to a performance worse than that expected for the more difficult UE.
The initial DL transmission would have contained timing advance information that is not valid for at least one of the UEs. This might cause some degradation to other users due to the UL timing error						We do not think DL HARQ can be operated during contention in E-UTRA due to conflicts on UL ACKCH.		We believe that DL HARQ is not feasible during the RA procedure because of collisions.				Similar to uplink message 3, probably HARQ can be applied. But the aspect of multiple Ack/Nack from different UEs should be checked.

		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?		(a) The capture effect can be affected by the difference between received powers of contentious signals from multiple UEs. If the difference is notable, the capturing can occur more. Normally, probability of capturing of retransmission is similar to that of initial transmission considering channel variation and non-perfect open loop power control. However, in the case of low UE speed with perfect open loop power control, the capturing occurs more with latter transmissions.
(b) Open loop transmission power control is applied for message 1. Therefore, received signal power from different UE is different due to instantaneous fading variation. This is same as in R99 W-CDMA. Therefore, the Capture effect of message 1 considering effect of message 1 is similar to that of W-CDMA. 
For message 3, impact of transmission power control on the Capture effect depends on the applied transmission power control scheme. RAN1 is currently investigating this issue. As an example, if absolute transmission power is directed by eNode B, the larger Capture effect can be expected than R99 W-CDMA, since received signal power difference between UEs experiencing different path loss will be increased.		(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.
(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.				If the capture effect occurs, the effect of using HARQ in the UL for message 3 will be as described for Q4; i.e. it is unlikely that the response will be received and UL resources will be wasted.
In the unlikely event that the message 3 is received correctly from the correct UE but not the incorrect one, then the HARQ for the following DL message will operate as in the response to Q5 and is likely to be eventually received. If the message 3 from the wrong UE is received, then the network will recognise its ID and the following DL message will likely also be received. The UE would then continue to transmit with the wrong timing, since the timing adjustment was made for the original UE, whose message 3 was not received. However the impact of the timing inaccuracy would by necessity be minor, since if it were not then the message 3 would not have been received and the probability of such an event is anyway very low.
Different power levels in transmission 1 would affect the probability of the capture effect occurring in the first place; it is likely that the UE transmitting the most power would be captured. For transmission 3, similar power levels would increase the probability of the message not being received correctly. The effect of different power levels depends on which terminal has the higher power; if it is the correct terminal then the probability of at least that terminal making a successful RACH is increased; if it is the wrong terminal then there is some risk of the message being decoded correctly and the terminal continuing with an incorrect timing advance. However for the message to be decoded correctly, the timing advance error would be necessity be low.						(a) In general, HARQ re-transmissions improve SNR for each user in contention. However, since in E-UTRA ACK/NAK feedback is interpreted by either both UEs (HARQ cannot be effectively operated during UL contention), HARQ impact on capture is not significant.
(b) Capture effect could be manipulated with different power settings.		The answer to (a) is not clear as discussed in the connection of Q4. Power control of the uplink messages does not help in capturing of one of colliding messages because power control does not change the relative powers of the messages.				As we mentioned in question 4, If there is more than 3 - 6 dB recieved power difference of the two UEs, HARQ works well and capture effect can be obtained at least for message 3.






