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1.  Introduction
In RAN2#56 the LTE initial access procedure was discussed, and the following issues have been addressed for email discussion:
· C-RNTI allocation timing: Msg2 (random access response) or Msg4 (RRC contention resolution),
· HARQ applicability to Msg4.
This paper is to capture the possible alternatives regarding the above points, so that RAN2 can conclude on this issue in RAN2#56bis in January 2007.
2. Current status of initial access procedure
Figure 1 shows the initial access procedure and Table 1 summarises the current agreements and FFS issues [1]. The red bullets in Table 1 indicate the issues addressed in this paper.
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Fig. 1:  Initial access procedure.
Table 1:  Current agreements and FFS issues.
	
	Message
	TrCH
	Agreements
	FFS issues

	Msg 1
	Random access preamble
	RACH
	· 64 preambles (6 bits).
· 16 preambles (4 bits) per 5ms for LCR-aligned TDD.
	· Inclusion of cause/size and CQI/pathloss.

	Msg 2
	Random access response
	DL-SCH
	· Addressed by L1/L2 using RA-RNTI.

· Semi-sync to Msg1.

· No HARQ.

· Responses to multiple UEs can be sent in one DL-SCH message.
	· C-RNTI allocation.

	Msg 3
	RRC connection request
	UL-SCH
	· Uses HARQ.

· Sent by RLC TM w/o segmentation.

· Dynamic size (possibility for NAS concatenation).
	

	Msg 4
	RRC contention resolution
	DL-SCH
	· Async to Msg3.

· No need to wait NAS reply.
	· Addressed by L1/L2 using RA-RNTI or C-RNTI.

· C-RNTI allocation (if not allocated in Msg2).

· HARQ.
· Message content.


3. C-RNTI allocation timing and HARQ applicability to Msg4
In this email discussion, the two main questions on the table are:

Q1. C-RNTI allocation timing: Msg2 or Msg4.

Q2. HARQ applicability to Msg4

This naturally leads to four alternatives:

Alt.1: C-RNTI in Msg2 + HARQ on Msg4

Alt.2: C-RNTI in Msg4 + no HARQ on Msg4

Alt.3: C-RNTI in Msg2 + no HARQ on Msg4

Alt.4: C-RNTI in Msg4 + HARQ on Msg4
Section 3.1 discusses Q1 by listing pros/cons of allocating C-RNTI in Msg2/4, and through this process, distinguishes outstanding alternatives. Section 3.2 discusses applicability of HARQ to Msg4 (Q2), and Section 3.3 attempts a simple evaluation of the viable alternatives, using the RA failure probability.
3.1  C-RNTI allocation timing
According to the previous discussions, proposals were made to allocate C-RNTI in either Msg2 or 4.

C-RNTI allocation in Msg2:

Since Msg2 supports flexible size, C-RNTI allocation in Msg2 should be possible in principle. Pros/cons of allocating C-RNTI in Msg2 are discussed below.
Pros:

· Msg4 can be addressed by C-RNTI, hence only to the intended UE and few other UEs that accessed on the same RACH using the same preamble. If HARQ is to be applied to Msg4, only these UEs addressed by the C-RNTI replies with HARQ ACK/NACKs.

· The lifespan of an RA-RNTI is limited to the semi-sync window between Msg1 and Msg2. Hence, less number of RA-RNTIs need to be reserved. If the window is less than the RACH occasion interval (10 ms for FDD, 5ms for LCR-aligned TDD), the UE will not have to derive the appropriate RA-RNTI from the SFN to receive Msg2. This implies that the SFN may not have to be known to the UE preceding initial access to the cell. (Note that if multiple RACHs are configured within the window, the UE will still have to derive the RA-RNTI for the used RACH, but disregarding the SFN.)
Cons:

· If RACH is to be used for other purposes (e.g., HO access, re-synchronisation), a new C-RNTI is not necessary in some cases. To optimise Msg2 so that C-RNTI is not allocated unnecessarily in some cases, an access cause needs to be indicated in Msg1. This may increase the contention probability due to partition loss. Alternatively, the UE can discard the newly allocated C-RNTI if it already has a valid C-RNTI, or switch to using the newly allocated C-RNTI. This will however lead to increased overhead.
· Since HARQ is not applied to Msg2, sending an excessive amount of information on Msg2 may increase the error probability at cell edge, especially when the cell bandwidth is small.
C-RNTI allocation in Msg4:

Pros/cons of allocating C-RNTI in Msg4 are discussed below.

Pros:

· Msg2 becomes smaller in size, hence requiring less resources to transmit Msg2 for a given target robustness.
· Since C-RNTI is not allocated in Msg2, there is no need to indicate if the UE already has an appropriate C-RNTI or not in Msg1. Instead, the UE can indicate this in Msg3 (e.g., by including an establishment cause), which is sent on UL-SCH with HARQ. This will reduce the contention probability, since UEs are provided with more RA preambles to choose from randomly, hence exhibiting trunking gain.
Cons:

· Msg4 is addressed by RA-RNTI. This will require UEs to decode Msg4 intended for other UEs that accessed on the same RACH. Furthermore, if HARQ is to be applied to Msg4, all UEs that accessed on the same RACH will reply with HARQ ACK/NACKs.
· The lifespan of an RA-RNTI would be longer. If the lifespan is longer than the RACH occasion interval (10 ms for FDD, 5ms for LCR-aligned TDD), the UE will have to derive the appropriate RA-RNTI corresponding to the used RACH from the SFN.
The above analysis implies that if HARQ is to be applied to Msg4, C-RNTI should be allocated in Msg2, whereas if HARQ is not to be applied to Msg4, C-RNTI allocation should be deferred until Msg4. Therefore, Alt.1 and Alt.2 are the outstanding alternatives. As such, the remainder of the document focuses on Alt.1 and Alt.2. The analysis also seems to imply that which alternative to opt for depends on whether HARQ should be applied to Msg4 or not, and whether a cause value can be included in Msg1 or not.
3.2  HARQ applicability to Msg4

The current working assumption is that Msg4 (at least) echoes the UE ID (e.g., IMSI or TMSI) sent in Msg3 to resolve contention. The expected behaviour of a UE upon successful/erroneous reception of Msg4 is described below:

Case 1:  successful reception by the intended UE

If the intended UE (the one whose Msg3 was correctly detected by the eNB) successfully receives Msg4, it shall find its own UE ID and proceed with the subsequent procedure. If HARQ is applied to Msg4, the UE shall reply with HARQ ACK, hence stopping Msg4 retransmission.
Case 2:  Successful reception by a non-intended UE

If a non-intended UE (colliding UE whose Msg3 did not go through, but by receiving HARQ ACK from eNB on Msg3, misbelieves its Msg3 went through) successfully receives Msg4, it shall detect contention by finding someone else’s UE ID in Msg4, and retry the access procedure.
If HARQ is applied to Msg4, it would send HARQ ACK (unless a special mechanism is implemented). This would stop retransmission of Msg4, regardless of whether the intended UE has already received Msg4 correctly or not. However, this could be rare considering that its previous Msg3 did not go through, e.g., its TA can be misaligned or its signal can be masked by the intended UE’s UL as in Msg3. If a special mechanism is implemented such that the UE only sends HARQ ACK if it finds its own UE ID in Msg4, this problem can be resolved. However, the gain and feasibility of such a special mechanism needs to be assessed (in particular, the impact on HARQ RTT should be checked).
Note that this case may never happen if Msg4 is addressed by the old C-RNTI owned by the intended UE, as a non-intended UE would never be addressed by L1/L2. Then, the non-intended UEs can notice contention by not being addressed by L1/L2 within due time, e.g., before the expected timing of (the first transmission of) Msg4. This only applies to Alt.1.
Case 3:  erroneous reception by the intended UE
If the intended UE misses Msg4, it is reasonable to assume that the UE retries the access procedure. This could occur either by missing L1/L2 addressing or by CRC error upon decoding Msg4. Since this could happen even when the UE is not under contention, a mechanism to recover the mismatch in the UE and NW is necessary (e.g., NAS procedures may be running already in the NW, if NAS is concatenated in Msg3).

HARQ would reduce this failure probability likely by a large factor. For instance if the contention probability is 1% and the error probability without HARQ is 1% (noting such low error probability would require considerable resources), the total probability of failure is approximately 2%. If HARQ reduces the error probability to <<1%, the probability of failure would be almost identical to the contention probability.
Case 4:  erroneous reception by a non-intended UE
If a non-intended UE misses Msg4, it shall retry the access procedure. This could occur either by missing L1/L2 or by CRC error upon decoding. To cope with the former case, a timer would be necessary so that the UE does not have to wait too long before retrying the access procedure.
One obvious benefit of applying HARQ to Msg4 is that the reliability of Msg4 delivery is increased. This would reduce the probability of Case 3 occurrence above. If the amount of information to be sent by Msg4 is large (e.g., if RRC connection setup is to be merged with Msg4), applying HARQ would be beneficial. Although what information can be sent at this point (before NAS response) is yet unclear, even if only the TMSI or IMSI is to be transmitted, HARQ is effective to increase the reliability and radio efficiency in transmitting this message.
It can be argued that a drawback of HARQ is the increased delay in detecting contention. However, upon detecting contention, the UE would have to wait at least for the next RACH slot, which can be 10 ms away. Moreover, the current agreement is that Msg4 is asynchronous to Msg3. If the non-intended UE misses reception of Msg4, the UE would have to wait until timer expiry, in order to detect contention. Hence, the impact of HARQ on the delay in detecting contention needs to be assessed in the context of overall delay and the probability that such delay occurs.
Another argument that can be made is that, in case of contention, HARQ on Msg4 may influence HARQ processes of other UEs. That is, if the TA is misaligned, the non-intended UE will send HARQ ACK/NACKs outside the relevant window, interfering the adjacent subframes. Although what information is sent on the adjacent timings are yet unclear, it could be assumed that ACK/NACKs for HARQ processes of other UEs are mapped onto those resources. Then, the misaligned ACK/NACKs may interfere these HARQ processes. Note that the problem is similar to multiple UEs sending Msg3 using the same resource blocks in case of contention, leading to increased interference on the adjacent TTI. The difference is that Msg3 and any data sent on the adjacent TTI would have CRC attached, whereas HARQ ACK/NACKs may not. Nevertheless if HARQ ACK/NACKs are signalled by on/off keying or sent by CDM, this problem may be mitigated. It should be stressed, however, that the ACK/NACKs should be optimised for normal U-plane transfer, and the RA procedure should not impose any restrictions to this optimisation.
3.3  Assessment of failure probability
In case HARQ is applied to Msg4, the probability that the procedure fails increases by the factor that a non-intended UE replies with HARQ ACK before the intended UE. This probability is upper bounded by the probability that the intended UE misses Msg4 on the first transmission. Hence, in the worst case, the overall failure probability increases by the probability that the intended UE misses Msg4 on the first transmission, in case of contention. Note that this probability of missing Msg4 on the first transmission is the same as for the case there is no contention.
To assess the overall failure probability, the following probabilities can be defined as input parameters:
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Using these probabilities a rough estimate of the failure probability after Msg3 can be formulated as
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The first term (1) corresponds to the case when Msg3 fails under no contention, and the second term (2) corresponds to the case when Msg4 fails after HARQ retransmissions, even though Msg3 went through under no contention. Similarly, the third term (3) corresponds to the case when Msg3 fails under contention, and the fourth term (4) corresponds to the case when Msg4 fails on the first transmission (worst case), even though Msg3 went through under contention. If a special mechanism is applied to the Msg4 HARQ, such that the UE only replies ACK if it finds its own UE ID, the formula becomes
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where the only difference appears in the fourth term. Moreover, in case HARQ is not applied to Msg4, the failure probability can be given similarly by
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Using these formulas the failure probability for various input values are shown in Table 2. As shown in Table 2, HARQ reduces the total failure probability under all conditions, whereas the special HARQ operation has merely trivial impact on the overall failure probability. However, if the same Msg4 error probability is targetted with or without HARQ (e.g., 0.01), HARQ slightly increases the overall failure probability (compare the values in adjacent columns in blue). In this case the small degradation has to be traded with the radio efficiency provided by HARQ.
Table 2.  Failure probability after Msg3.
[image: image10.emf]a P{C} 0.01 0.01 0.01 0.01 0.1 0.1 0.1 0.1

b P{Msg3|C} 0.01 0.01 0.5 0.5 0.01 0.01 0.5 0.5

c P{Msg3|barC} 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01

d P{Msg4_1Tx} 0.01 0.1 0.01 0.1 0.01 0.1 0.01 0.1

e P{Msg4_HARQ} 0.001 0.01 0.001 0.01 0.001 0.01 0.001 0.01

f P{barC}*P{Msg3|barC} 0.0099 0.0099 0.0099 0.0099 0.0090 0.0090 0.0090 0.0090

g P{barC}*P{barMsg3|barC}*P{Msg4_1Tx} 0.0098 0.0980 0.0098 0.0980 0.0089 0.0891 0.0089 0.0891

h P{barC}*P{barMsg3|barC}*P{Msg4_HARQ} 0.0010 0.0098 0.0010 0.0098 0.0009 0.0089 0.0009 0.0089

i P{C}*P{Msg3|C} 0.0001 0.0001 0.0050 0.0050 0.0010 0.0010 0.0500 0.0500

j P{C}*P{barMsg3|C}*P{Msg4_1Tx} 0.0001 0.0010 0.0001 0.0005 0.0010 0.0099 0.0005 0.0050

k P{C}*P{barMsg3|C}*P{Msg4_HARQ} 0.0000 0.0001 0.0000 0.0001 0.0001 0.0010 0.0001 0.0005

l Total (no HARQ) = f+g+i+j 1.99% 10.90% 2.48% 11.34% 1.99% 10.90% 6.84% 15.31%

m Total (HARQ) = f+h+i+j 1.11% 2.08% 1.59% 2.52% 1.19% 2.88% 6.04% 7.29%

n Total (special HARQ) = f+h+i+k 1.10% 1.99% 1.59% 2.48% 1.10% 1.99% 5.99% 6.84%


4. Viable alternatives
From above analysis the following alternatives remain viable.
Alt.1:  C-RNTI is allocated in Msg2 and HARQ is applied to Msg4.
Pros/cons of this alternative are listed below.

Pros:

· HARQ would improve the radio efficiency of Msg4 transmission.
· A less number of RA-RNTIs need to be reserved.
Cons:

· To optimise Msg2 so that C-RNTI is not allocated unnecessarily, an access cause needs to be indicated in Msg1. This may increase the contention probability, due to partition loss.

· The size of Msg2 is increased, hence requiring more resources to provide required robustness.
With this alternative, the following points are FFS:

· Handling of C-RNTI allocation in case the UE already has a valid C-RNTI.
· Whether the UE shall send HARQ ACKs only if it finds its UE ID in Msg4 (Alt.1B) or not (Alt.1A).

The following companies support this alternative:
NTT DoCoMo, Nortel, Nokia, Qualcomm, Siemens, Panasonic, NEC, CATT, Texas Instruments
Alt.2:  C-RNTI is allocated in Msg4 and HARQ is not applied to Msg4.
Pros/cons of this alternative are listed below.

Pros:

· Msg2 becomes smaller in size, hence requiring less resources to provide required robustness.

· There is no need to indicate if the UE needs a new C-RNTI or not in Msg1. This may reduce the contention probability owing to the trunking gain.

Cons:

· Msg4 becomes larger in size, and more resources would be needed to achieve a target BLER, without HARQ.

· More RA-RNTIs need to be reserved, and the SFN would have to be known to the UE to determine the relevant RA-RNTI.
The following companies support this alternative:
Ericsson, Motorola, (LG)
5.  Conclusions

C-RNTI allocation timing and HARQ applicability to Msg4 in the initial access procedure have been discussed, and the following alternatives were identified as outstanding:
· Alt.1:  C-RNTI is allocated in Msg2 and HARQ is applied to Msg4, which is futher subdivided into:

· Alt.1A:  C-RNTI is allocated in Msg2 and HARQ (normal operation) is applied to Msg4.
· Alt.1B:  C-RNTI is allocated in Msg2 and HARQ (UE sends ACK only if it finds its UE ID) is applied to Msg4.
· Alt.2:  C-RNTI is allocated in Msg4 and HARQ is not applied to Msg4.
It was discussed that which scheme to opt for depends on the following open issues/uncertainties:

· Whether a cause value (partition loss) can be afforded in Msg1
· The contents and hence the size of Msg4

· The normal DL HARQ procedure, e.g., whether a UE specific CRC is applied to the data part, and whether CDM or on/off keying is applied to the ACK/NACKs.

· The impact of HARQ ACK/NACKs on the same and adjecent TTIs, when TA is misaligned

· The total expected delay and delay CDF in the initial access procedure

· The total resource efficiency, considering different Msg2 and Msg4 sizes and HARQ.
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Annex
The comments made by each company during the email discussion are briefly summarised below.
A.  Views of Alt.1 supporting companies
NTT DoCoMo

It is more important that for the case of no contention, which can be ~99% of the case, the UE is more reliably accepted, than to optimise for the mere ~1% of contention. Hence, HARQ should be supported for Msg4. HARQ would reduce the radio resources necessary for Msg4, and would be necessary to support severe radio conditions (cell edge). HARQ on Msg4 does not increase the complexity (unless Alt.1B is considered), as it is supported already for other transmissions. Even under contention, both the eNB and UE would not recognise the existence of a contender, and can just operate as in a normal HARQ. Not supporting HARQ on Msg4 can rather be considered as a special behaviour, while noting that an HARQ-less operation can still be possible by implementation, even if HARQ is supported in the specification. Although Alt.1 implies that an access cause should be included in Msg1, and hence may result in a larger contention probability due to partition loss, the contention probability can be suppressed with appropriate splitting of preambles among the different causes.

Nortel

Nortel is not convinced that the impacts of Alt.1B and its extra complexity are worth the gain. Hence, Nortel’s preference is Alt.1A.
Nokia

Nokia sees another pro for Alt.1, that is, in case UL HARQ is to be asynchronous or adaptive synchronous in LTE, UL resource allocation for HARQ retransmissions on Msg3 can be signalled by C-RNTI instead of RA-RNTI. The UE should send an ACK only if it finds its UE ID in Msg4 (Alt.1B).

Qualcomm

Qualcomm proposes on/off keying modulation for UL ACKCH during the access procedure, where “on” corresponds to an ACK and “off” to a NACK. The UE would send an ACK only if it finds its UE ID inside Msg4 (Alt.1B). Qualcomm does not see UE processing as an issue.

Siemens

As pointed out in the Siemens contribution submitted to the Riga meeting, Siemens thinks that HARQ for Msg4 is beneficial. If C-RNTI was allocated in Msg4 and therefore UEs are addressed by RA-RNTI, there will be an additional complexity with combining of retransmissions of Msg4. Hence, Siemens’ preference is Alt.1 (Alt.1B).

Panasonic

Whether a special HARQ mechanism (Alt.1B) should be applied or not depends on behaviour of the normal HARQ. If UE specific CRC is used for normal HARQ, Panasonic is fine to support Alt.1B. However, we should first decide on Alt.1 or Alt.2, and the details can be discussed later.

NEC

Alt.1 can avoid large number of reserved RA-RNTIs to avoid confusion. HARQ for Msg4 would be also beneficial due to the reduced TTI of 1 ms in LTE. Without HARQ, eNB should assign sufficient enough radio resources (power or PRB) to ensure 1% of BLER. NEC shares the view of Panasonic that Alt.1A or 1B would be the next step (i.e., optimisation). We should consult RAN1 (reception of CDM/On-off ACK/NACK etc) on this optimisation issue.
CATT

For the case C-RNTI is allocated in Msg4, in order to distinguish non-collided UE using the same RA-RNTI, more information need to be carried in Msg4, e.g., preamble id. CATT’s preference is Alt.1.
Texas Instruments

If the total RA load is partitioned into causes, you will end-up with less randomness per cause, but less offered load as well. So assuming the RA opportunities are split between the various causes, not evenly, but according to their expected load, all in all, carrying the RA cause on the preamble should not affect the collision probability. There could even be cases where such partitioning would lead to trunking gains: this is the case where some causes can afford more latency than some others (e.g., UL sync maintenance, non-emergency connection request). For identical offered load, such causes could live with less randomness because they could afford more collision probability, thus providing trunking gains to the other causes.
B.  Views of Alt.2 supporting companies
Ericsson

HARQ-based transmission of Msg4 is associated with a number of uncertainties and drawbacks, e.g. larger Msg2, more sensitive to collisions, need for access cause indication and special HARQ mechanism. HARQ-based transmission of Msg4 would be more complex than HARQ-less transmission. As neither efficiency benefits nor need for HARQ-based transmission of Msg4 have been quantified, the extra complexity for specification, implementation and testing of HARQ for Msg4 appears unjustified. HARQ-less transmission of Msg4 is therefore preferred. When HARQ is not applied to Msg4, C-RNTI assignment is preferably deferred until Msg4.
LG

Assigning the C-RNTI in Msg4 is more efficient, and we should only consider HARQ for Msg4 when it is proven to be necessary. The impact of false alarm on Msg1 should also be considered, and LG is planning a contribution on this aspect. LG basically thinks that C-RNTI and HARQ are independent issues. More precisely, LG thinks the HARQ issue is just a small optimization for Msg4 transmission.
Motorola

Motorola commented that the tradeoff between efficiency, performance, and complexity is in the favour of Alt.2.
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