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1 Introduction

During RAN2#46, a liaison statement was received from RAN2 outlining a proposed random access procedure and posing a number of questions to RAN1 relating to the capability of the Node B, capacity of the control channels and HARQ operation. This document aims to provide answers to the questions posed by the liaison statement.

2 Proposed RACH procedure

The RACH procedure proposed by RAN2 and communicated in [1] is as follows:

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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3 Response to RAN2 questions
Q1: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?

We propose that the assumption be made that the eNB is always able to decode all of the uplink signature sequences. To do otherwise would create additional complexity in the RACH response procedure in order to enable effectively a Node B capability, which seems unjustified.
Q2: RAN2 requests information on the capacity and configuration of the 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.

Q3: Are there any limitations to the feasibility of synchronous or asynchronous transmission of message 2 (with respect to message 1) from a WG1 perspective?
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.
Q4:

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?
Figures 1 and 2 indicate link level performance according to block size of UL message 3 assuming a resource allocation of 1.25MHz and a mean receive SIR equivalent to the 95th and 99th percentiles UL SIR for simulation case 3, considering an IoT of 5dB. Simulation case 3 is the most demanding of the cases considered during the study item phase for UL coverage, hence the control signalling relating to RACH should be able as a minimum to cover cell edge users in this case. The remaining simulation assumptions are shown in table 1. From these results, it seems that the maximum size for the single TTI UL message can be approx 250, 500 or 700 considering 1, 2 or 3 maximum transmissions respectively for 95% coverage. With such a capacity, HARQ does not seem necessary unless the system is to be designed for 99% coverage.
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Figure 1 Achievable cell edge BLER vs Transport block size (assuming Case 3, 95th percentile cell edge) for UL message 3
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Figure 2 Achievable cell edge BLER vs Transport block size (assuming Case 3, 99th percentile cell edge) for UL message 3
	Parameter
	Value

	Number of RBs assigned to message 3
	6

	Distributed/localised
	Distributed over 10MHz

	Fast fading model
	TU6, 3km/h

	Power Control
	OFF

	HARQ
	ON, 1/2/3 max retransmissions

	SNR at cell edge
	-3.5, -9dB (95th/99th Percentile assuming 21dBm UE, Simulation case 3 and IoT=5dB)


Table 1 Simulation assumptions
	
	No HARQ
	2 max transmissions
	3 max transmissions

	95th percentile
	~250
	~500
	~700

	99th percentile
	~30-50
	~115
	~180


Table 2 Maximum transport block sizes for message 3 to achieve cell edge coverage in Case 3
c) Can HARQ be operated with a good success rate on the UL during contention?

Should contention occur, then if the Node B is unable to decode the received TTI from one of the contending users, it will send a NACK. Since all of the contending UEs will respond, it is 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. Furthermore, the two contending UEs would not be properly time synchronised and would cause interference to other users.
Q5: Are there any limitations to the feasibility of synchronous or asynchronous transmission of message 4 (with respect to message 3) from a WG1 perspective?

We do not see any fundamental issues with message 4 being asynchronous to message 3. If the UE(s) at this stage posses a C-RNTI, then the DL transmission could be scheduled in the usual manner; i.e. using the C-RNTI on the L1 control channel to indicate the resources allocated for the message. 
Q6: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)?
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
Q7:

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?

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.
4 Comments on proposed response

In the proposed response, we propose expressing the following general sentiment:

· The timing of messages 2 and 4 does not have to be synchronous
· It would be preferable not to use UL or DL HARQ; in particular UL HARQ wastes resources in the case of contention. However if in RAN2s view the ~250 bits that can be contained in message 3 when not using HARQ are insufficient, HARQ could be considered as long as collisions are minimised.
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