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1 Introduction

During the RAN plenary meeting #62, a new WI [1] was agreed, introducing a second BCH. During the last RAN1#76 meeting, a few contributions were presented with various physical design aspects [4,5]
In this paper we introduce the notion of soft combining of several transmissions of the BCH2 helping improve BCH2 coverage or reduce the required transmit power needed to reach the targeted BLER at the designed coverage edge.
2 Achieving coverage with the BCH2
The contents of the BCH2 needs to be transmitted with sufficient energy that also UEs at the cell edge can receive the broadcast reliably, in the same way as they today also receive the BCH reliably. 
Repeating the BCH2
The required amount of energy needed to decode a BCH2 transport block can be also accumulated by soft combining at the UE repeated transmissions of the broadcast messages. This would enable enable using a higher data rate for BCH without needing to increase the transmission power, which in turn would allow for a shorter transmission duration of one BCH2 cycle, which most UE in the cell could still reliably receive. Only the UEs at cell edge would need to soft-combine several copies of the BCH2 before being able to decode the information blocks. 

Proposal 1: transmit the BCH2 in a fashion allowing soft combining at the UE
In order to allow for a shorter BCH2 cycle, the repetition for soft combing should not take place inside the cycle, but rather allow for the UE to combine information across two BCH2 cycles, when combining is needed.
Proposal 2: The soft combining is done across exactly two consecutive BCH cycles.
It is up for discussion whether a shorter BCH2 cycle with higher data rate is desirable over BCH2 cycle with lower power
Proposal 3: One of two following proposals 3a or 3b shall be taken into use, the TB size in both options would be the same:

Proposal 3a: The TTI length of the BCH2 is 10 ms, the SF is 128

Proposal 3b: The TTI length of the BCH2 is 20 ms, the SF is 256

For soft combining it is also helpful to know which parts of the broadcast signals are actually copies of each other. The BCH1 may carry information on the total length of one BCH2 transmission allowing the UE to buffer a full cycle and known which BCH2 TTIs are combinable.
Proposal 4: The BCH2 cycle length is made available to the UE over BCH1.
Buffering the BCH2 for soft combining
In order to soft combine, buffering needs to be carried out. The size of the required buffer is given by the maximal time for one information block to appear a second time, which is the maximal value of all SIB_REP.

For BCH1 the maximal value for SIB_REP is 4096, and assuming the proposed TTI length of 10 ms and an amount of 600 coded bits after CRC attachment and coding, the required soft buffer for soft combining of a BCH2 cycle would be fairly substantial. 

We therefore propose to limit the BCH2 parameterization to values which allow reusing softbuffers already present in a UE. A reasonable baseline could be taken from the softbuffer requirements listed for different UE categories in 25.306. For instance, a single carrier 21 Mbps HSDPA UE with a 259200 bits soft buffer, with above assumptions it would support a SIB_REP of 432. In this context it may be also worthwhile considering whether applying turbo error coding instead of convolutional coding would enable easier re-use of the exisiting soft buffers.

Also from a less implementation oriented perspective the desired maximal SIB_REP could be indeed much lower than 4096, because values in excess of cycle length of about 1 sec can be seen as leading to suboptimal performance. Hence, a maximal SIB_REP of about 100, leading to a cycle length of 1 sec for UEs not requiring soft combining and 2 sec for UEs performing soft combining could be agreed

Proposal 5: Limit the SIB_REP on BCH2 to a value of 128
This reduction of the SIB_REP value gives also rise to reducing its space, saving a few bits for every SIB in the SB2. Enhancements in future releases would not be precluded, because SIBs with large SIB_REP can still be placed on BCH1.
Combining with SIB updates
Combining with change notification
When a UE is performing soft combining, but at the same time a SIB content update is carried out, the UE should avoid combining the old and new version of the SIB. This can be accomplished if the BCH1 is carrying a change notification for the BCH2, similarly to the cell value contained in the MIB for the different SIBs. The change indication could relate to the SB for the BCH2 only, or for the BCH2 as a whole.
While the UE would be able to learn about the change also from the PCH, it appears easier for a soft combining implementation to have a more direct linkage between the change notification and the execution of the change.

Combining without change indication notification
A UE is able to decode soft combined TBs even without knowing whether the content was the same or not. If it was not the same, the decoding is sure to fail. In that case the UE can proceed to combine the last transmission with the next occurrence. 
At this point it may be instructive to illustrate the principle of buffer management, to highlight aspects relating to the buffer requirements. We consider a BCH2 schedule where two SIBs are transmitted, and where in cycle n-3 and n-2  content c1 is carried, while in cycle n-1 the content is changed to c2. (We may also assume that one SIB is carried in three TBs, and the other SIB in one TB, though the segmentation is not of relevance for soft bit buffering.) 
We also assume that the UE has started to listen in cycle n-2, and that it was not able to decode any of the TBs. Therefore the UE will proceed to soft-combine TB5 with TB1 and re-attempt decoding. As this will fail as well because c1 is already being transmitted, the UE optimally should store the soft bits of TB5 separately, such that it later can combine them with those of TB9 without the added values of TB1. During the time that the UE is performing decoding of the combined TB5+TB1, the UE also needs to store the income softbits of TB6. 
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Figure 1: example of soft combining on BCH2 with SIB contents changing
Proposal 6: Discuss whether a Change Indication on BCH1 is seen as beneficial.
3 Conclusion

In this contribution, the following proposals are made to facilitate soft combining of BCH2.
Proposal 1: transmit the BCH2 in a fashion allowing soft combining at the UE

Proposal 2: The soft combining is done across exactly two consecutive BCH cycles.
Proposal 3: One of two following proposals 3a or 3b shall be taken into use, the TB size in both options would be the same:

Proposal 3a: The TTI length of the BCH2 is 10 ms, the SF is 128

Proposal 3b: The TTI length of the BCH2 is 20 ms, the SF is 256

Proposal 4: The BCH2 cycle length is made available to the UE over BCH1.

Proposal 5: Limit the SIB_REP on BCH2 to a value of 128
Proposal 6: Discuss whether a Change Indication of BCH2 on BCH1 is seen as beneficial.
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