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1.  Introduction
In the email discussion that was set out after RAN2#56 in Riga, C-RNTI allocation timing and HARQ applicablity to Msg4 (contention resolution) were discussed, and three alternatives were identified as outstanding [1]:

· Alt.1A:  C-RNTI is allocated in Msg2 (RA response) 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.
During the discussion, it was pointed out that the RA failure probability is insufficient to evaluate the viable alternatives, and a more detailed delay analysis is necessary before concluding on the solution. This paper presents a delay analysis of the viable alternatives to help RAN2 decide the initial access procedure.
2. Discussion
2.1  Model

Figure 1 shows the initial access procedure model used for delay analysis. A failure at each step leads to a retrial of the initial access procedure. Note that the Failures 2 to 4 correspond to failures upon reception of Msg2 to 4, whereas Failure 5 corresponds to failures upon finding someone else’s UE ID in Msg4. The delay values are shown as an example. Based on this model, a spreadsheet for delay analysis and RACH budgeting was developed (attached). Poisson arrivals of RA attempts were assumed, and RA retrials were modelled simply as an increased offered load (of Poisson arrivals). Maximum of 1 HARQ retransmission was considered, both for Msg2 and Msg4. Using the spreadsheet, two cases were evaluated, i.e., normal case (case 1) and cell edge case (case 2). These cases are described in 2.2 and 2.3, respectively.
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Fig.1  Initial access procedure model for delay analysis.

2.2   Case 1: normal case

Key parameters are summarised in Table 1. Although the robustness of Msg2 and 4 would differ for Alt.1A/B and Alt.2, due to differences in size (by the size of C-RNTI), it is assumed that the BLER are the same for all cases. For Alt.1A, it was assumed that the Msg4 BLER after HARQ retransmissions remains the same as for the 1st transmission under contention (worst case [1]). With Alt.1A/B, a cause value should be included in Msg1 (RA preamble) to indicate whether the UE already has a valid C-RNTI or not. This is reflected by reducing the number of RACH preambles to 32 (assuming 1 bit is used for this purpose) in Alt.1A/B. Under an appropriate split of preambles among the different causes, the offered load per cause would be reduced. As such, the target load for Alt.1A/B are reduced to 50.
Table.1  Key parameters (case 1).
	
	Alt.1A
	Alt.1B
	Alt.2

	Number of RACHs
	1
	1
	1

	Number of RACH preambles
	32
	32
	64

	RACH scheduling period
	10 ms
	10 ms
	10 ms

	Target load
	50 /s
	50 /s
	100 /s

	Msg2 BLER
	0.01
	0.01
	0.01

	Msg4 BLER @ 1st Tx
	0.01
	0.01
	0.01

	Msg4 BLER @ ReTx
	0.001 (0.01 in case of contention)
	0.001
	N/A


The expected delay and percent increase of RACH load due to cumulative retrials are summarised in Table 2, whereas the delay CDF of the initial access procedure are shown in Fig.2. The results show that the expected delay and delay CDF do not differ significantly for Alt.1A, 1B, and 2. Nevertheless, Alt.1A/B perform slightly better than Alt.2, in terms of delay. The difference between Alt.1A and 1B is, however, trivial. The RACH load increase due to retrials are also less for Alt.1A/B.

Table.2  Expected delay and RACH load increase due to retrials (case 1).

	
	Alt.1A
	Alt.1B
	Alt.2

	Expected delay
	18.065 ms
	18.064 ms
	18.217 ms

	Percent increase of RACH load due to cumulative retrials
	4.512 %
	4.509 %
	5.472 %
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Fig.2  Delay CDF of the initial access procedure (case 1).

2.3   Case 2: cell edge

Key parameters are summarised in Table 3. Under severe radio conditions (cell edge), it is likely that the BLER of Msg2 and 4 would increase. Hence, the Msg2 BLER is increased to 0.1 for Alt.1A/B and to 0.05 for Alt.2. The BLER for Alt.2 is set smaller considering that in Alt.2 the size of Msg.2 would be smaller (by the size of C-RNTI). Note, however, that this difference may be pessimistic for Alt.1A/B, as inclusion of C-RNTI (currently assumed as 16 bits) may not make much difference to the total size of Msg.2, that already includes the preamble ID, timing advance, and UL grant. The BLER for Msg4 is also increased from case 1 to represent severe radio conditions.
Table.3  Key parameters (case 2).

	
	Alt.1A
	Alt.1B
	Alt.2

	Number of RACHs
	1
	1
	1

	Number of RACH preambles
	32
	32
	64

	RACH scheduling period
	10 ms
	10 ms
	10 ms

	Target load
	50 /s
	50 /s
	100 /s

	Msg2 BLER
	0.1
	0.1
	0.05

	Msg4 BLER @ 1st Tx
	0.1
	0.1
	0.1

	Msg4 BLER @ ReTx
	0.01 (0.1 in case of contention)
	0.01
	N/A


The expected delay and percent increase of RACH load due to cumulative retrials are summarised in Table 4, whereas the delay CDF of the initial access procedure are shown in Fig.3. The results show that the expected delay is more than 1 ms shorter with Alt.1A/B compared to Alt.2. The CDF is even more impacted, exhibiting 10 ms difference at 90% CDF. The RACH load increase due to cumulative retrials are also smaller for Alt.1A/B, by nearly 5%. Hence, Alt.1A/B perform better than Alt.2 both in terms of delay and RACH load. However, the difference between Alt.1A and 1B is marginal, and hence, Alt.1B is not beneficial in improving the delay performance despite the complexity.

Table.4  Expected delay and RACH load increase due to retrials (case 2).

	
	Alt.1A
	Alt.1B
	Alt.2

	Expected delay
	19.679 ms
	19.672 ms
	20.832 ms

	Percent increase of RACH load due to cumulative retrials
	16.213 %
	16.173 %
	21.139 %
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Fig.3  Delay CDF of the initial access procedure (case 2).

3. Conclusions
The delay of the initial access procedure was evaluated quantitatively, using an analytical model. The results showed that Alt.1A/B are preferable in terms of delay performance over Alt.2. The results also showed that the difference between Alt.1A and 1B is trivial, in terms of delay.
References

[1]  R2-070263, “Summary of email discussion point 3: Initial access procedure: C-RNTI and HARQ,” NTT DoCoMo, Inc. (rapporteur).

[image: image4.png]














































































PAGE  
5

_1229950334.vsd
�

�

バルーン型の吹き出しです。図形を選択して入力します。必要に応じて大きさを変更します。
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