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1. Introduction

A new WID LC_MTC_LTE-Core on low cost and enhanced coverage MTC UE for LTE was approved in 3GPP RAN#60 meeting. The new WID brings new challenges to the SIB design. The following are some observations from RAN 1 chair’s minutes [1] related to providing coverage enhancement to System Information:

· Alt1: Re-use legacy SIBs at least for SIB1/2/14

· Alt 1a: Aggregation within SIB modification period w/o additional repetition
· Scheduling flexibility of legacy SIBs transmission would be restricted, e.g., keep the same frequency allocation/MCS/ for each SIBs transmission.

· An extended pre-defined accumulation period may be considered. e.g., set “modification period” to a larger value

· Alt 1b: Aggregation with additional SIB repetition(s) 

· Scheduling flexibility of legacy SIBs transmission would be restricted, e.g., keep the same frequency allocation/MCS/ for each SIBs transmission.

· Additional resources are used to enhance legacy SIBs transmission with repetition of SIBs. 

· PDCCH repetition is required if SIBs is scheduled by PDCCH

· FFS whether aggregation should be done only among the new addition SIBs

· FFS whether additional content or SIB is needed for coverage enhancement UEs 

· Alt 2: new SIB for MTC coverage improvement

· All necessary system information for initial access of MTC UEs (e.g., necessary contents carried in SIB1/2/14) may be merged into the new SIB.

· The new SIB may be indicated by corresponding PDCCH or MIB or transmitted on predefined resources without any PDCCH indication.

· The benefit of Alt2 compared to Alt1 would depend on how much reduction can be achieved in terms of payload sizes, latency and/or the number of SIBs to be enhanced.
In this contribution, the above alternatives are further analysed and the impact to the specification and the UE/eNB implementation is discussed and some observations and proposals are provided.

2. Discussion
2.1 New SIB or legacy SIB for CE-MTC UEs 

As pointed out in RAN 1 Chair’s notes [1], the benefit of Alt 2 compared to Alt 1 would depend on how much reduction can be achieved in terms of payload sizes, latency and/or the number of SIBs to be enhanced. As analysed in [2] Section 2.3, the saving of new SIB in terms of payload sizes for CE-MTC UE is not much.  The analysis is again repeated here for information:

SIB 1 contains cell access related information IE, cell selection information IE, system information acquisition related information IE, SI repetition IE, multiple band indicators/frequency band indicator IE and TDD configuration IE. The following IEs are assumed not essential for immediate access of the network and are not included in the size calculation:

· Cell selection related info (q-rxlevmin, q-rxlevminoffset etc.): Not required immediately for access

· System information acquisition related information and SI repetition: Not required immediately for access in the case of the new SIB. Other SIBs (i.e. SIB 3,4,5) can still be scheduled via the existing SIB 1.
The worst case total size for SIB 1 is 353 bits (from original 552 bits).

SIB 2 contains access class barring information IE, radio resource configuration IE common to all UEs, UE timers and constants IE, time alignment timer IE, MBSFN subframe configuration IE and UL frequency information IE. It seems like all IEs are also required by coveraged enhanced UE and no saving can be made from the SIB. There may be some saving to be made from radio resource configuration IE common to all UEs but it is not possible to judge with little agreement (only PHICH and CPFICH are not needed for coverage enhanced UE at the moment) from RAN 1. The worst case total size for SIB 2 is 528 bits. This is not including any further IEs that may be introduced with the coverage enhanced work item.

SIB 14 contains all the EAB barring parameters. It is assumed that all the IEs will be necessary for an enhanced coverage MTC UE to decide whether a cell is accessible. The worst case total size for SIB 14 is 120 bits.

Instead of reading SIB 1, SIB 2 and SIB 14 individually, it will just be reading a new SIB aggregating almost all the contents of SIB 1, 2 and 14. If PDCCH is not used by UE operating in enhanced coverage mode, the gain in latency will be quite small.

Also there are other SIBs (SIB 3, 4, 5, 6) for idle mode mobility that will also be needed by UE operating in coverage enhanced mode if idle mode mobility (i.e. cell reselection) is supported. If coverage enhanced UE still needs to support most of functions of a normal UE, the benefit of a new SIB seems insignificant.Hence it is proposed that:
Proposal#1: No new SIB is introduced for coverage enhanced mode. The SIB acquisition should be based on existing procedure.

In the subsequent sections, it is assumed that Proposal#1 is agreed and the impact to existing SIB acquisition procedure is analysed for CE-MTC UE.
2.2 Acquisition of SIB 1 for CE-MTC UE
In existing mechanism, the time allocation of SIB 1 is fixed at subframe 5 for every 20ms. The frequency allocation in subframe 5 is signalled in PDCCH via SI-RNTI. Soft-combining is performed at every 20ms over 80ms periodicity of SIB 1.
When the UE is in coverage enhanced mode, it will have to accumulate PDCCH with SI-RNTI at subframe 5 of every 20ms. During a predefined repetition period known to the UE (possibly indicated in the spare bits of MIB), it is assumed that the PDCCH resource used for SI-RNTI of SIB 1 is not changed and the UE is able to accumulate enough to decode the PDCCH SI-RNTI and extract the frequency allocation and other physical layer signalling to decode SIB 1. The UE then has to accumulate at subframe 5 of every 20ms to decode the SIB 1. Instead of soft combining at every 20ms over the 80ms periodicity, the accumulation has to be done over a longer period and the SIB 1 should not be changed during this period (i.e. systemInfoModification is not received in Paging by the UE).  This is basically Alt1a.
To remove the need of decoding PDCCH, the frequency allocation and other physical layer signalling from PDCCH can be signalled over the MIB using the spare bits. For full flexibility of frequency allocation of SIB1, the resource allocation will require 9 bits (for 20 MHz bandwidth) out of the 10-bit spare bits in the MIB. Some form of configuration index has to be used to reduce the amount of combinations required for resource allocation and PDCCH information and thus the number of bits required in the MIB. This can be further discussed.
The advantage of doing this is that it does not require the CE-MTC UE to decode the PDCCH and hence reduces the latency of SIB 1 acquisition. SIB 1 contains the SI scheduling information and access information of the cell. Improving the latency of SIB 1 acquisition will allow the UE to start decoding other SIBs more quickly as well as whenever it try to access the cell. Furthermore, it also saves precious common search space resources on the PDCCH for not having to perform PDCCH repetitions. However to change frequency allocation of SIB 1, it will require paging to indicate the change in the MIB in the next modification period and this may incur additional signalling overhead to provide scheduling flexibility. On the other hand with PDCCH, the eNB can change the frequency allocation at every start of the repetition of PDCCH for SIB 1 which allow for better eNB scheduling flexibility. If the change in frequency allocation for SIB 1 is rare, it may be worth considering using the spare bit of the MIB to indicate the frequency allocation and other physical layer signalling of SIB 1. 
Proposal#2: CE-MTC UE does not use PDCCH for frequency allocation of SIB 1. The spare bits in MIB are used to indicate the PDCCH information of SIB 1 for CE-MTC UE.

Proposal#3: The CE-MTC UE can accumulate the energy of SIB 1 over a longer period than the 20ms repetition over the current 80ms for decoding of SIB 1.
2.3 Acquisition of SI for CE-MTC UE

In existing mechanism, an SI message is transmitted periodically at occuring time domain window (referred to as SI-window). The periodicity and the SI-window are signalled in SIB 1. The frequency and time allocation of the SI message in the SI-window is dynamically signalled over PDCCH via SI-RNTI. 

When the UE is in coverage enhanced mode, it would require accumulating the energy of the PDCCH SI-RNTI of the SI-window and possibly across SI-window to decode the PDCCH SI-RNTI. This means that the UE needs to know where PDCCH SI-RNTI (and thus the SI location within the SI window) is sent and accumulate the energy. The time domain allocation of the SI thus needs to be provided already in SIB 1. Furthermore, the frequency allocation signalled over the PDCCH cannot change during the accumulation of energy of the PDCCH SI-RNTI. Hence the frequency domain allocation provided by PDCCH is not dynamic anymore as it cannot change for a period long enough for energy accumulation. This period for energy accumulation of the PDCCH needs to be known by the CE-MTC UE in a proper way and the time domain allocation of the SI within the SI-window also needs to be signalled by other means. SIB 1 can be extended to include such signalling. As for the accumulation of the SI, the existing RAN 2 specification [4] has the following:

1>
if the SI message was not received by the end of the SI-window, repeat reception at the next SI-window occasion for the concerned SI message;

It is unclear from the above statement that the current UE accumulates SI across SI-window, but enhanced coverage UE will have to perform such accumulation of the SI. In the existing SI acquistion, the SI is in the subframe within a SI-window if PDCCH for the SI is indicated for the subframe..
Again, alternatively, instead of decoding the PDCCH within the SI-window for the frequency domain allocation of SI, it may well be simpler to provide also the frequency domain allocation of the SI in SIB 1. The CE-MTC UE then does not need to decode the PDCCH and hence decrease the acquisition latency. The only downside again is that the time and frequency domain allocation of the SI can only be changed at modification period boundary and there is also the overhead of sending the paging to indicate such change. Since the common search space resources in the PDCCH is quite scarce, it is preferred that PDCCH is not used for the time and frequency domain allocation for the SI. Hence it is proposed:
Proposal#4: CE-MTC UE operating in coverage enhanced mode does not use PDCCH for time and frequency domain allocation of SI. SIB 1 is extended to indicate the time and frequency domain allocation of an SI in its SI-window and other physical layer signalling sent over the PDCCH (e.g. MCS, TBS etc.) of an SI.
Proposal#5: The CE-MTC UE is allowed to accumulate an SI across SI-window. If the accumulated SI over previous and current SI-window cannot be decoded successfully, the CE-MTC UE accumulates the SI over the next SI-window as long as the SI is not changed by the next SI-window.
2.4 Other RAN2 impacts on SIB acquisition for CE-MTC UE
In [4], it is specified that “The UE applies the previously acquired system information until the UE acquires the new system information”. Based on this, when there is an update of an SI or SIB 1, the UE may continue to access the network using the previous configuration for a long period of time until the new SIs and SIB 1 are acquired. If the changes are essential, it may block the UE from accessing the network for that period of time or worse, may cause interference with regular UEs. Furthermore, if the changes are on SIB 14 to stop MTC UE from accessing network, the CE-MTC UE may still be able to access the network based on the previous configuration.

On the other hand, if this requirement is changed for an enhanced coverage UE such that the UE cannot access the network until it acquires the new SI and SIB 1, this may increase the delay (and in some cases this may be unnecessary as the changes are not impacting the access) of the enhanced coverage UE from accessing the network 

Observation#1: If the enhanced coverage UE is based on existing UE behaviour that “The UE applies the previously acquired system information until the UE acquires the new system information”, it may use the previous acquired configuration for a long period of time until the new SIs and SIB 1 are acquired. In some cases it may not be desirable.

Observation#2: If the requirement is changed for enhanced coverage MTC UE such that UE cannot access the network until it acquires the new SI and SIB 1, it may in some cases unnecessary delay the UE from accessing the network.

Proposal#6: Discuss whether it is ok to continue with Observation#1 for CE-MTC UE.
3. Conclusion

Based on the analyses and discussions in this contribution, we recommend RAN2 to discuss the SIB transmission proposals listed below. 

Proposal#1: No new SIB is introduced for coverage enhanced mode. The SIB acquisition should be based on existing procedure.

Proposal#2: CE-MTC UE does not use PDCCH for frequency allocation of SIB 1. The spare bits in MIB are used to indicate the PDCCH information of SIB 1 for CE-MTC UE.
Proposal#3: The CE-MTC UE can accumulate the energy of SIB 1 over a longer period than the 20ms repetition over the current 80ms for decoding of SIB 1.
Proposal#4: CE-MTC UE operating in coverage enhanced mode does not use PDCCH for time and frequency domain allocation of SI. SIB 1 is extended to indicate the time and frequency domain allocation of an SI in its SI-window and other physical layer signalling sent over the PDCCH (e.g. MCS, TBS etc.) of an SI.
Proposal#5: The CE-MTC UE is allowed to accumulate an SI across SI-window. If the accumulated SI over previous and current SI-window cannot be decoded successfully, the CE-MTC UE accumulates the SI over the next SI-window as long as the SI is not changed by the next SI-window.
Observation#1: If the enhanced coverage UE is based on existing UE behaviour that “The UE applies the previously acquired system information until the UE acquires the new system information”, it may use the previous acquired configuration for a long period of time until the new SIs and SIB 1 are acquired. In some cases it may not be desirable.

Observation#2: If the requirement is changed for enhanced coverage MTC UE such that UE cannot access the network until it acquires the new SI and SIB 1, it may in some cases unnecessary delay the UE from accessing the network.

Proposal#6: Discuss whether it is ok to continue with Observation#1 for CE-MTC UE.
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