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Discussion and decision
1 Introduction

Rel-13 LC/EC UEs need to support the acquisition of SI message across different SI windows (i.e. different SI periods) based in RAN2#90 agreements. The main motivation was to guarantee that Rel-13 LC UEs, not operating in EC mode or not requiring to receive multiple repetitions of each Rel-13 LC/EC SI message, could receive the system information with similar acquisition times as legacy UEs. This contributions addresses remaining open issues on the Rel-13 EC/EC SI handling related to the periodicity, repetitions, and update of its information, as well as, clarifications on the feasibility of using multiple HARQ buffers and parallel accumulation. 
2 Discussion
2.1 SI periodicity, SI change indication and modification period
The legacy SI mechanism defines the SI period and the BCCH modification period (as shown by case 0 within the Figure 1, in Annex A) understanding that each SI message is sent with certain si-Periodicity in its associated SI-window. The common SIBs (i.e. all SIBs other than SIB1, SIB10, SIB11, SIB12 and SIB14) only change their values at the BCCH modification boundaries and the non-common SIBs could change their values at any time. 
For Rel-13 LC/EC SIB(s), the UE might need to combine SI messages across different SI periods, as previously explained, and therefore if the non-common SIB(s) change at any time within the modification period, a UE that has already started to receive and combine the SI messages would not be able to successfully decode it, wasting decoding effort (i.e. power consumption). On this regard, a new 'EC SI period' concept is presented for discussion to differentiate the boundaries in which the Rel-13 EC/LC SI msg. could potentially change its content. Therefore this leads us to consider the following two cases (also shown in Figure 1):
Case 1. The boundaries where a Rel-13 LC/EC non-common SI may change content is the same as the BCCH modification boundary (i.e. 'EC SI period' is the same to the Rel-13 BCCH modification). This case 1 is similar to legacy behaviour, but it would not allow a non-common SIB to change at any time within the BCCH modification period (which might not be desired as Rel-13 LC/EC modification period might be even with longer than legacy ones).
Case 2. The boundaries where a Rel-13 LC/EC non-common SI may change content are more frequent than the BCCH modification boundary (i.e. the Rel-13 BCCH modification is equal to N times of 'EC SI period'). This case 2 could allow the network to change content of a non-common SIB to change at multiple points within the BCCH modification period (defined by the boundaries of the 'EC SI period'). 
In addition, the amount of repetitions required for the network to guarantee a target SNR might vary for each SI message (e.g. depending on TBS, frequency repetition pattern). It could be thought that each SI message needs to define its own 'EC SI period', however this would introduce another level of complexity for the UE and eNB, when the network could handle it easily (e.g. by choosing the 'EC SI period' for the worse number of repetitions required).
Proposal 1. To define an 'EC SI period' to indicate the boundaries where the content of non-common SIBs (e.g. SIB1, SIB10, SIB11, SIB12 and SIB14 if they are still defined for Rel-13 LC/EC) could change, understanding that Rel-13 BCCH modification period is multiple of the 'EC SI period'.
2.2 SI processing across SI windows (HARQ process handling)
Our understanding is that in RAN1#80, it was confirmed that Rel-13 LC/EC UEs are not required to support simultaneous reception of (a) multiple transport blocks for broadcast transmission (SIB/paging/RAR) in a subframe, as well as, (b) broadcast and unicast transmission in a subframe. In addition, RAN1 is also discussing about the UE behaviour if any of those simultaneous reception cases occur (although no consensus has been reached yet). RAN1 is considering to define priorities and/or leave this up to UE implementation and/or leave it up to eNB implementation with some kind of UE assistance; therefore, it would be good to request RAN1 update on this regard aiming to avoid repeating the same discussion in RAN2.
Proposal 2. To take as baseline assumption that Rel-13 LC/EC UEs are not required to support simultaneous reception of (a) multiple transport blocks for broadcast transmission (SIB/paging/RAR) in a subframe and (b) for broadcast and unicast transmission in a subframe, and to send an LS to RAN1 to confirm it and ask for their inputs on how these cases might be handled, when they occur.
As previously explained, the Rel-13 LC/EC UEs would require acquiring the SI messages across different SI windows. Therefore it was pointed in RAN2#90 that it would be preferred if the UE could use more than one HARQ processes in parallel to combine and decode the different SI messages (assuming that also has enough memory/buffer space). A LC UE might have a reduced number of HARQ processes available and/or small buffer/memory, which might mean that in worst case scenario, the UE may need to decode some of the SI messages sequentially. On the other hand, our preference is that this could be left up to UE implementation as e.g. even only a single broadcast HARQ process is defined, the UE may handle/combine the different Rel-13 LC/EC SI messages by partitioning its soft buffer and/or re-using some of the unicast HARQ process if available. Moreover, RAN1 is considering a reduction of the maximum number of unicast HARQ processes to reduce UE complexity, although no consensus has been made yet due to concerns raised on aspects such as considering to have PDSCH repetitions with time diversity. Our understanding is that RAN1 is considering a value between 1 and 3 for unicast HARQ processes and 1 broadcast HARQ process as legacy. 

Observation 1. For Rel-13 LC/EC UEs, a broadcast HARQ process is also defined (as legacy), however the maximum unicast HARQ process for EC is under discussion in RAN1 to be reduced aiming to minimize UE complexity and, potentially, cost. 
From RAN2 side, MIB and SIB1 are received/decoded sequentially, and for the other SI messages, there was a preference raised that the UE could receive some of them, if not all, in parallel. The SIB(s), that might have same periodicity and repetition patterns, could potentially be sent in the same SI message, if the SI message size is below or equal to the 1000bits TBS limitation. On the other hand, following legacy behaviour UE would need to acquire:

· In RRC connected mode: MIB, SIB1, SIB2, SIB8 (depending on support of CDMA2000) and SIB17 (depending on support of RAN-assisted WLAN interworking).
· In RRC idle mode: MIB, SIB1 and SIB2 to SIB8 (depending on support of the concerned RATs) and SIB17 (depending on support of RAN-assisted WLAN interworking).
Assuming that Rel-13 LC/EC SIB might have similar kind of messages (or even less), for UEs in connected mode, a single broadcast HARQ process would be enough as MIB, SIB1 and SIB2 need always be received sequentially due to the kind of information that they contain. For UEs in idle mode, the UE could choose using the unicast and broadcast HARQ process to receive SIB2 to SIB8 in parallel. As previously mentioned, a UE could handle the decoding of SIB(s) in parallel based on their own implementation without having to use HARQ process. However, if there are still some concerns that some UEs might decode the SIB(s) sequentially, the following solution could be specified or could be done easily by network implementation. As per proposal 1, the "BCCH-modification-period = N*EC-SI-period" and assuming that the UE decodes SIB(s) sequentially, the network could easily assure that the SIB2 to SIB8 do not change for at least for 7 of those consecutive 'EC SI periods' (understanding that in each EC SI period the UE could decode one of those SIB(s)).
Proposal 3. Assuming that "BCCH-modification-period = N * EC-SI-period" (as per proposal 1), if N is defined as greater or equal to the maximum number of Rel-13 LC/EC SIBs that the UE needs to acquire when coming from RRC idle mode (e.g. N ≥ 7, assuming legacy behaviour), it would guarantee that any UE could acquire those SIB(s) within a modification period. However, there is no specification effort required, as this could be left up to eNB implementation.
Simultaneous transmission in the same subframe is being discussed in RAN1, however the interleaving of repetitions sent over time in different subframes due to different broadcast transmissions, as well as, unicast and broadcast transmissions also needs to be discussed. On this regard, the UE would at least always have 2 HARQ process (a broadcast one and a unicast one). At times the UE may use both processes for system information reception, but at other times such as when unicast process is required for other purposes (e.g. paging reception) then system information reception could use just a single process. Details of this kind of operation should be left up to UE implementation e.g. depending on the activity ongoing the UE could better prioritize or use its internal capabilities in its better benefit. 
Proposal 4. Rel-13 LC/EC UE could use unicast HARQ process, if available, in addition to the broadcast HARQ process to receive broadcast messages with interleaved repetitions over time; however, there is no specification effort required as this could be left up to UE implementation.
Proposal 5. To send an LS to RAN1 for their inputs on the maximum number required for unicast HARQ process and their timing considerations on the HARQ mechanism for Rel-13 LC/EC UEs.
3 Conclusion

The oobservations and proposals addressing the open aspects to enable SI reception for the new Rel-13 LC UE category and UEs operating in EC are the following:
Observation 1. For Rel-13 LC/EC UEs, a broadcast HARQ process is also defined (as legacy), however the maximum unicast HARQ process for EC is under discussion in RAN1 to be reduced aiming to minimize UE complexity and, potentially, cost. 
Proposal 1. To define an 'EC SI period' to indicate the boundaries where the content of non-common SIBs (e.g. SIB1, SIB10, SIB11, SIB12 and SIB14 if they are still defined for Rel-13 LC/EC) could change, understanding that Rel-13 BCCH modification period is multiple of the 'EC SI period'.
Proposal 2. To take as baseline assumption that Rel-13 LC/EC UEs are not required to support simultaneous reception of (a) multiple transport blocks for broadcast transmission (SIB/paging/RAR) in a subframe and (b) for broadcast and unicast transmission in a subframe, and to send an LS to RAN1 to confirm it and ask for their inputs on how these cases might be handled, when they occur.

Proposal 3. Assuming that "BCCH-modification-period = N * EC-SI-period" (as per proposal 1), if N is defined as greater or equal to the maximum number of Rel-13 LC/EC SIBs that the UE needs to acquire when coming from RRC idle mode (e.g. N ≥ 7, assuming legacy behaviour), it would guarantee that any UE could acquire those SIB(s) within a modification period. However, there is no specification effort required, as this could be left up to eNB implementation.
Proposal 4. Rel-13 LC/EC UE could use unicast HARQ process, if available, in addition to the broadcast HARQ process to receive broadcast messages with interleaved repetitions over time; however, there is no specification effort required as this could be left up to UE implementation.
Proposal 5. To send an LS to RAN1 for their inputs on the maximum number required for unicast HARQ process and their timing considerations on the HARQ mechanism for Rel-13 LC/EC UEs.
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Figure 1. Cases to considered based on EC SI period and BCCH modification period
- Legacy SI and BCCH modification periodicity
- Rel-13 LC/EC SI msg.(s) repeated across different SI windows with boundary of SI change being the same as BCCH modification periodicity
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