3GPP TSG RAN WG2 Meeting #90

R2-152228
Fukuoka, Japan, 25th – 29th May 2015
Agenda item:
7.4.2 Further LTE Physical Layer Enhancements for MTC, SIB
Source: 
Sierra Wireless
Title: 
Dual scheduling of SIBs for use by LC UEs
Document for:
Discussion/Decision
1 Introduction
At RAN2#89 and #89bis several agreements have been made concerning provision of System Information for a new category of Low cost UEs and for enhanced coverage (LC and EC UEs)(1).
LC and EC UEs will not be able to receive legacy SIBs based on a number of agreed factors.

1. PRBs are limited to 6 
2. TBS size is limited to 1000 bits. 
3. LC UEs are unable to receive the SIB scheduling information in PDCCH.
4. The BCCH Modification period needs to be greater than the time needed for SIB acquisition (only a factor in CE).
RAN2 has agreed to send new narrow band SIB (nb-SIB) information in a format that can be received by the LC and EC UEs. Information contained in legacy SIBs 1, 2 and 14 should be sent in one or more nb-SIBs, as agreed.  Email discussions were initiated in RAN2#89bis to establish which IEs are needed by the LC and EC UEs and for support of mobility.  Frequent repetitions of nb-SIBs and a longer BCCH modification period may be necessary to serve UEs in coverage enhancement.

Additional SIB information beyond the selected contents of legacy SIBs 1, 2 and 14 may not be useful to UEs in coverage enhancement, but additional SIB information could be useful to LC UEs in normal coverage. Mobility information in particular falls into this category. 
Observation 1: Some SIB information beyond SIBs 1, 2, & 4 (e.g. mobility SIB3,4, & 5) is useful for LC UEs but not for UEs in enhanced coverage.
One obvious solution is to duplicate information in e.g. SIB3, 4 & 5 and send this in a newly defined nb-SIB3, nb-SIB4 and nb-SIB5 but this adds system overhead.
For example: If SIBs 3, 4 and 5 are duplicated in nb-SIBs to serve  LC UEs and nb-SIBs 3 and 4 together are 500 bits, repeated every 320ms and nb-SIB 5 is 1000 bits repeated every 640ms. This represents a total of 2000 bits to be sent every 640ms.  If nb-SIBs with this information need to be repeated more frequently to allow for enhanced coverage then they would use proportionately more capacity. 
Observation 2: Unnecessary duplication of legacy SIB information in new nb-SIBs increases system overhead.
2 Dual-Scheduling of legacy SIBs
A possible solution is that some legacy SIBs could be formatted in a way that LC UEs can receive and they could be dual-scheduled, by both legacy and new LC scheduling means so that both types of UEs could receive them. Figure 1 illustrates this concept, where the green SIB with TBS<1000 is pointed to by both legacy PDCCH and the LC m-PDCCH schedulers. Note that the overhead required for scheduling the LC UEs to read these SIBs should be the same as if the scheduling was provided for equivalent nb-SIBs.
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Figure 1. The concept of dual scheduling for SIBs.

This solution requires the following:

1. The Legacy SIB scheduling mechanism and the new LC scheduling mechanism (i.e. via M-PDCCH) must both point to the same location for the SIBs. The LC scheduling will need to be in advance (e.g. 2 sub-frames) of the PDSCH SF containing the legacy SIBs.

2. Legacy SIBs have <=1000 bits TBS. 

3. Legacy SIBs within 6PRBs but can be anywhere within the band, allowing frequency diversity. 

4. The location of M-PDCCH scheduling should be known to the LC UEs (i.e. in the CSS).

Observation 3: It is possible for LC UEs to receive legacy SIBs if the SIBs are <1000bits, scheduled within 6PRBs and additionally scheduled via the new Rel. 13 LC physical control channel (i.e. the M-PDCCH)
The advantage of dual scheduling of legacy SIBs is lower system overhead. Using the example above, assuming 1 PRB is used for M-PDCCH scheduling of each SIB into 6PRBs, the overhead is reduced by a factor of 7. This is from (5+(6*5))=35 PRBs = down to just the M-PDCCH, 5 PRBs.
Some disadvantages of dual–scheduling of legacy SIBs are as follows:-

1. The eNB needs to deal with the different possible BCCH modification periods between the legacy UEs and LC UEs. 

2. For larger SIBs, the MCS is higher given the 6PRB limitation and thus legacy UEs will need to combine more legacy SIBs for reliable reception near cell edge, but the system could send them more often without increasing overhead since they are now smaller. It has been shown (2) that SIB transmission with up to 2216 bits is feasible for low complexity UEs restricted to 6 PRBs so at 1000bits performance should also be acceptable.
3. Frequency diversity gain is minimized because the 6PRBs need to be adjacent to each other. However frequency hopping could be used to recapture some performance.
Given #2 above, this means that dual-scheduled SIBs may not be used by enhanced coverage UEs, only for low cost in normal coverage. Therefore the types of SIBs that can be dual scheduled should not be ones that are needed by UEs in enhanced coverage (e.g. SIBs 1, 2 and 14).
There should be no explicit exclusion of UEs in coverage enhancement from using the legacy SIBs which are dual scheduled as long as the UEs in CE can decode the M-PDCCH. LC UEs may use their best effort to receive them. To provide more coverage, the network operator may also schedule more frequent repetitions of the dual-scheduled SIBs in order to meet the needs of all UEs needing a small amount of enhanced coverage.

In cases where a legacy SIB is >1000 bits a separate nb-SIBs for LC and EC UEs will need to be used. From a LC UEs perspective, the process of decoding system information is the same whether a SIB is dual scheduled or repeated so there is no need to indicate to the either LC UE or legacy UE when dual scheduling is used. However, as with legacy SIBs, the LC UE will still need an indication of the SI window.
Observation 4: There is no need to indicate to LC UEs or legacy UEs when dual scheduling is used.

 Proposal 1: RAN2 should specify as an option the ability to dual-schedule legacy SIBs for LC UEs in normal coverage.
3 Conclusions
Observation 1: Some SIB information beyond SIBs 1, 2, & 4 (e.g. mobility SIB3,4, & 5) is useful for LC UEs but not for UEs in enhanced coverage.
Observation 2: Unnecessary duplication of legacy SIB information in new nb-SIBs increases system overhead.
Observation 3: It is possible for LC UEs to receive legacy SIBs if the SIBs are <1000bits, scheduled within 6PRBs and additionally scheduled via the new Rel. 13 LC physical control channel (i.e. the M-PDCCH)

Observation 4: There is no need to indicate to LC UEs or legacy UEs when dual scheduling is used.

Proposal 1: RAN2 should specify as an option the ability to dual-schedule legacy SIBs for LC UEs in normal coverage.
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