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1. Introduction

In previous RAN2 meetings, following points are agreed for system information.
· SI-1 is always transmitted only in subframe #5 starting from radio frame SFN mod 8

· Both initial transmission and retransmission of Sis other than SI-1 is done within one time window

· Offsetting SI transmission is needed

One of the remaining issues to be discussed for system information is detailed scheduling mechanism (i.e. how to decide offsetting SI transmission in detail). This contribution discusses the offsetting scheme for SI transmission and we propose:

· Offsetting SI transmission based on the window gap scheme is preferred
· SI-n other than SI-1 should be at least 80ms after SI-1 initial transmission

· Offsetting is needed from perspective of UE battery power consumption.

2. Discussion
2.1. Offsetting scheme for SI transmission
In RAN2 e-mail discussion, the following possible alternatives have been discussed to decide offsetting scheme for SI transmission. Where X = offset value, Y = gap and T = periodicity.

· Alternative 1: 1 bit per SI indicating X = T/2 or 0

· Alternative 2: 1 bit for all Sis indicating X = T/2 or 0

· Alternative 3: Always offset by X = T/2

· Alternative 4: SI-n (n=2,3,…) at X = (n-2) * Y, where Y is fixed
· Alternative 5: SI-n (n=2,3,…) at X = (n-2) * Y, where Y is configurable

· Alternative 6: Explicitly indicate X per SI

· Alternative 7: No offsetting

In our understanding, Alternative 1, 2, 3 and 6 are based on offset approach and Alternative 4 and 5 are based on window gap approach. Compared offset approach to window gap approach, both of them can support distribution of system information resource with almost same signalling overhead in order to achieve same flexibility as well described in email discussion summary document [3]. Only one point which we see the difference is that handling of SIs which have same periodicity. If more than two SIs have the same periodicity in the case of e.g. Alt.2, these SIs would be transmitted consecutively, i.e. these SI transmissions would not be distributed. In case of window gap approach, SIs which have same periodicity also can be distributed, since there is gap between time window in all cases. Therefore, the window gap approach (i.e. Alt.4 and Alt.5) is better, if there could be several SIs with same periodicity. 
Compared Alt.4 to Alt.5, Alt.4 is preferred to Alt.5 because of less overhead.

Proposal 1: Alt.4 is preferred from flexibility perspective.
2.2. Start timing of SI transmission
In this section, we consider the start timing of SI-2 transmission in modification period. UE needs to receive SI-1 before other SI reception. Therefore, SI-n other than SI-1 transmission should be started after 160ms from the beginning of the modification period, since SI-1 will be retransmitted within 80ms in addition minimum UE processing time to decode SI-1. Therefore, the start timing of SI-n other than SI-1 should be at least 160ms after SI-1 initial transmission. We propose the following formula to calculate offset value X for each SI-n (n=2,3,…) based on Alt.4. To taking into account time diversity transmission requires 80ms order of the period, Y should have the option of 80ms at least.
Alternative 4’: X = (n-2) * Y + 160ms, where Y is fixed.
Figure 1 shows Alt.4’, where Y = 20ms.
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Fig.1 Alternative 4’ (e.g. Y = 20)

Proposal 2: SI-n other than SI-1 should be at least 80ms after SI-1 initial transmission (Alt.4’).
2.3. Comparison of offsetting case and no offsetting case
In this section, we compare offsetting case with no offsetting case. Firstly, we discuss whether offsetting is really needed or not based on preferred solution for offsetting. Then, we discuss whether no offsetting case is needed or not.

In order to conclude whether offsetting is really needed, or not, we need to compare the offsetting case to the no offsetting case. In the no offsetting case, time window has to be long, if distribution is necessary. The behaviour is explained by using Figure 2. Figure 2 shows no offsetting case and offsetting case. In no offsetting case, 10ms is used as time window, even if time window can be 5ms from retransmission gain and scheduling flexibility perspective. Therefore, 5ms is used just for distribution. In offset case, both time window and gap are set to 5ms. These two can have same distribution gain. The difference between these two is whether UE can sleep during gap, or not. In the case of no offsetting, when UE fails to decode SI within transmission window, even if no SI transmission is in the remaining of transmission window, UE can’t sleep because it should wake up during SI transmission window. This degrade UE battery power consumption saving. In case of offsetting case, UE can sleep during gap irrespective of system information reception situation if UE DRX/DTX for unicast allowed to do so. Assuming that offsetting range would not be so short, gap could be 15ms or longer. Therefore, impact to battery consumption won’t be small. Therefore, offsetting is needed from perspective of UE battery power consumption. On the other hand, to have offsetting reduces the time distribution of SI transmission. This reduces time diversity gain. In the example of Fig 2, the time diversity gain is reduced. Therefore, this offsetting is a trade off between time diversity and battery saving.
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Fig.2 No offsetting case (Alt.7)

Proposal 3: Offsetting is needed from perspective of UE battery power consumption.
Whether no offsetting is needed or not is up to UE system information reception behaviour. Benefit of no offsetting is to receive all SIs in one wake up. However, this is only true, when UE receives SIs in the timing to send all SIs. When UE enters new cell by cell (re-)selection or handover, UE will receive MIB and SI-1. Then, UE will receive SI-2 in next opportunity of time window of SI-2. Therefore, it may happen that UE receives SI-2, when SI-3 is not transmitted after time window of SI-2. This behaviour is also true for SI-3, 4 and so on. In this meaning, benefit of no offsetting is very limited from battery consumption perspective, since only lucky UE can receive SIs by using consecutive time window.
However, if UE needs to receive system information from the beginning of the modification period, the gain would not be small. UE knows modification period information, paging information and so on after receiving SIB2/3. Therefore, it may happen that UE receives system information at the end of modification period and does not detect system information change in next modification period. In order to avoid this behaviour, UE may need to receive system information from the beginning of the modification period, after UE receives SIB2/3. It’s not clear if this kind of behaviour is really necessary. Therefore, we propose RAN2 firstly discuss how UE system information reception behaviour should be. If RAN2 concluded that it’s not necessary for UE to receive system information from the beginning of the modification period, we think that no offsetting is not needed.
Proposal 4: RAN2 should discuss whether UE should receive system information from the beginning of the modification period or not
3. Conclusion

This contribution discussed the offsetting scheme for SI transmission. We proposed to agree following three points;
Proposal 1: Alt.4 is preferred from flexibility perspective.

Proposal 2: SI-n other than SI-1 should be at least 80ms after SI-1 initial transmission (Alt.4’).

Proposal 3: Offsetting is needed from perspective of UE battery power consumption.
Proposal 4: RAN2 should discuss whether UE should receive system information from the beginning of the modification period or not
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