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1 Introduction

In RAN2#54 meeting, two contributions [1] [2] regarding the triggering and transmission of Scheduling Information were proposed. Although the mechanism of these two CRs is distinctly different, they have similar motivation to avoid unnecessary SI transmissions and thus save the radio resource. 
This contribution gives further analysis to clarify the benefit of these two improvements and show the significance for CPC mode.
2 SI re-transmission and re-triggering
Issue and Solution:

The SI is an in-band signalling and transmitted via E-DPDCH. The maximum number of transmission is 8 for SI sent alone and 16 for SI together with data transmission. Due to the difference of transmission numbers for different HARQ processes, it may occur that a newer SI has been received successfully in a HARQ process while an old SI still keep re-transmitting in another HARQ process.
· Issue #1

if the old SI is transmitted alone without any higher layer data, there is no need to retransmit this out-of-date SI because retransmitting it not only wastes radio resource but also may result in disordering of SI in Node B that degrades the scheduling performance [3]. However, in current spec [4], the old SI will keep re-transmitted until an ACK is received from the RLS containing the serving cell or the maximum number of re-transmissions is reached.
· Issue #2

if the old SI is transmitted together with higher layer data, the retransmission has to be performed in order to send the higher layer data. However, the SI transmission reliability guarantee mechanism in current spec [4] will lead to an unnecessary SI re-triggering when reaching maximum number of transmissions and no ACK for that transmission was received from the RLS containing the serving cell.

For Issue #1, the UE can just stop the re-transmission of the old SI in this HARQ process. For Issue #2, the re-triggering of a SI due to the failure of an old SI transmission is simply prohibited.
Cost:

The solution looks very simple but at the cost of additional old SI discrimination operation in the UE, that is, the UE has to record the SI initial transmission time in each HARQ process and need to check if each ongoing SI in other HARQ processes is out-of-date once a SI has been received successfully in a HARQ process (i.e. an ACK was received from the RLS containing the serving cell in this HARQ process).
It is understood that the UE is easy to store the SI initial transmission time in each HARQ process as any SI is generated by itself. The typical initial transmission time can be expressed by CFN and sub-frame. Considering maximum 8 HARQ processes in 2ms TTI mode, at most 16 bytes are needed to store these variables.
The operation to identify old ongoing SI’s when a SI has been received successfully in a HARQ process should not be considered complex as well. Firstly the SI transmission is not very frequent for each UE. Secondly the old SI check operation is only done in the processes where a SI is being transmitted.
Benefits:
· This improvement cancels unnecessary (or useless) SI transmissions which decreses uplink interference and thus has capacity gain in the uplink.

· It reduces the likelihood of the Node B using out-of-date SI’s by avoiding Issues #1. So this has benefit to Node B scheduling proformance.
Although the SI transmission is not very frequent for a single UE, when considering increasing E-DCH users in a cell, the occurrence of SI transmission becomes frequent. Compared to R6 UL capacity of E-DCH is increased significantly in R7 for the introduction of CPC mode where UL DPCCH gating can improve the UL capacity and increase the on-line users staying in CELL_DCH with active E-DCH. Furthermore, E-DPCCH improvement [5] and supporting 16QAM [6] in E-DCH in HSPA+ can further increase the UL capacity. In a summary, the gain of this improvement is apparent in R7 and beyond but the cost of UE complexity is very small.
3 Non-triggered SI

Issue and Solution:

In periodic triggering of SI, the timers T_SING and T_SIG shall be restarted when the transmission of a triggered SI takes place. However, the transmission of the non-triggered SI (transmitted with high layer data for the size of the data plus header is less than or equal to the TB size of the E-TFC selected by the UE minus 18 bits) may occur whether there is a scheduled transmission or not (because there may be a non-scheduled transmission).
Current spec does not allow the transmission of the non-triggered SI to restart the timers T_SING and T_SIG. Since the newest SI is reported by the transmission of the non-triggered SI, there is no need for the periodic triggering mechanism to trigger a new SI within the time of the configured triggering period after the transmission of the non-triggered SI. So, if allow the non-triggered SI to restart the periodic triggering timers, unnecessary SI transmission can be avoided and, therefore, capacity gain in the uplink can be obtained for the decrease of uplink interference.

Because the non-triggered SI does not have the same reliability guarantee mechanism as the triggered SI in case of SI transmission failure, only when the non-triggered SI which was transmitted after the time of the last T_SING restarting and has been received successfully before the periodic triggering timer expires can restart the periodic triggering timer.
Cost and Benefits:
The cost of this improvement is very low. Because a UE only need maintain a timer (either T_SING or T_SIG) in any time, typically two internal variables (one is used to record the occurrence of the transmission of the non-triggered SI, another is used to record the number of the HARQ process the non-triggered SI is sent on) and a few logical decision operations are added. 
Obviously, compared to the performance gain, this very small cost is negligible. Again, due to the UL capacity increase in R7 and beyond, this improvement are expected to have more gains due to more active E-DCH users.
4 Benefit to CPC mode

As mentioned above, the CPC mode can significantly improve UL capacity and increase users staying in CELL_DCH with active E-DCH so that the gain of two proposed SI improvements becomes more remarkable. In addition, these two SI improvements are also significant to CPC mode for the following reasons.

In CPC mode, the UE cannot start DTX of uplink DPCCH if there are E-DCH transmissions during the UL DPCCH slot. Besides, in order to further reduce the overhead of UL DPCCH, the UE can use a longer gap of UL DPCCH gating if there has not been any E-DCH transmission in a number of consecutive subframes. Before and/or after any E-DCH transmission a preamble and/or a postamble may be transmitted.
Therefore, the E-DCH transmission is significant to the performance of CPC mode because any E-DCH transmission will break the DTX of UL DPCCH and the cost to recover the efficient UL DPCCH DTX status is very high. So, the two proposed SI improvements are significant to CPC mode. The benefit is not only to save the radio resource used to one transmission of E-DCH in a TTI, but also to avoid breaking the DTX of UL DPCCH and thus help the CPC mode to achieve potential performance.
5 Conclusion

In this contribution, the costs and benefits for the two proposed improvement schemes of SI transmission are carefully analyzed. It is shown that the cost in term of UE complexity is very small, on the other hand, the gain of these two SI improvements are remarkable considering the benefit to CPC mode is significant and a large number of active E-DCH users can be supportted in R7 and beyond. 

So, we would like RAN2 can accept these two proposals as improvement in R7 and beyond. Two corresponding CRs to R7 are attached accordingly.
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