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1
Introduction
The topic of control channel overhead reduction as a potential physical layer improvement for Rel12 was discussed in RAN1#72bis. In that meeting, the following next steps were suggested:
Next steps:
· For RAN1#73, focus on study of multi-subframe scheduling and cross-subframe scheduling

· Identify characteristics of potential schemes, e.g. for multi-subframe scheduling, how does it differ from SPS, how many subframes, how is link adaptation and HARQ retransmissions handled? 

· Evaluate whether there are useful potential gains (in throughput or other gains) from overhead reduction (multi-subframe scheduling) or statistical multiplexing gain (cross-subframe scheduling)

· Consider impact of resulting scheduling restrictions and potential means to mitigate such impact

· Identify potential specification impact

· Also consider PDSCH/EPDCCH starting in first OFDM symbol 

· Offline discussion until Friday to determine assumptions for these evaluations – to be prepared by CATT in R1-131750 – based as much as possible on existing scenarios. 

· At RAN1#73, prepare a TP for 36.872 summarising the conclusions from the above points. 

In this contribution we discuss the potential throughput gains that might be obtained from control channel overhead reductions.
2
Control channel usage
The simulation assumptions for small cell enhancements assume FTP1 traffic model as in 36.814 [1]. In that traffic model, single size large packets are assumed of 2 Mbytes size (0.5 Mbytes optional). Given the large packet size, there are only a very limited number of UEs being served at a time from a single eNB point of view´, and the transmission of this large packet for the user is occupying the PDSCH at least for tens of ms (e.g. 4Mbits with 40Mbps takes 100 ms to transfer). Figure 1 shows the distribution of simultaneously served UEs from the macro overlay for three different load levels.
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Figure 1 Distribution of simultaneously scheduled UEs from the macro overlay with three different load points. ITU UMa channel, FTP1 traffic model, and PF/PF scheduling.

From Figure 1 we see that the number of UEs being scheduled in DL is rather low, meaning also the control channel utilization due to DL scheduling assignments is rather low. Note that the case of the macro overlay is shown here to illustrate an upper bound, as naturally the number of served UEs at the small cells will be even lower. For vast majority of time only up to 3 UEs are simultaneously scheduled, which implies that even the macro network could survive with a single OFDM symbol for PDCCH. In case EPDCCH is used, it is also clear that a single EPDCCH region of e.g. 4 PRBs is more than enough to fit the DL scheduling assignments for this macro case. As noted above, for small cells with a lower number of users under its coverage the control channel capacity needs will be even lower!
The single OFDM symbol of PDCCH corresponds to overhead of 5/(6*14) = 5.95% in case of normal cyclic prefix in case of a single CRS port (2 /(3*14)=4.76% in case of two CRS ports). Similarly, an EPDCCH region of 2 or 4 PRBs incurs  4 or 8% overhead in a 10MHz system bandwidth. Note further that localized EPDCCH allows using the unused PRBs in the EPDCCH set for PDSCH. Therefore, in practice the overhead with localized EPDCCH may be much lower when only a limited number of UEs is scheduled. 

Note that we consider here the use of control channel only for transmitting DL grants, which is the case that would be most favourable to control channel overhead reduction through multi-TTI/cross-subframe scheduling. In case also other types of channels are transmitted, there is clearly less benefit from multi-TTI/cross-subframe scheduling as the reduction possibilities would be more limited.

Observation 1: In FTP1 traffic model, for the transmission of DL scheduling assignments, only a single OFDM symbol is sufficient for PDCCH. In case EPDCCH would be configured in combination with PDCCH-less subframes, only a single set of e.g. 2 or 4 PRBs is needed.
3
Upper limits for throughput gains by control channel overhead reduction
Given the above observation, we now calculate the theoretical gains that might be obtained from control channel overhead reduction.In order to take advantage of the potential control overhead reduction introduced by multi-subframe scheduling, there is a need to be able to utilize this resources addititionally for PDSCH operation. Since a single OFDM symbol is enough to schedule the DL transmissions, , we need to enable the PDSCH to start in OFDM symbol#0 and operate with PDCCH-less subframes in order to harvest the potential gains, as also discussed in the companion contribution [2] on PDCCH-less subframes.
Observation 2: In order to provide PDSCH throughput gains through multi-TTI/cross-subframe scheduling, PDCCH-less subframe operation combined with PDSCH starting in OFDM symbol#0 will be required.
Let us assume for the case of PDCCH scheduling that there are 2 CRS ports present in addition to the PDCCH in OFDM symbol#0. Assume further that up to 4 subframes may be scheduled from a single subframe. In this case, the baseline would have 168-12-12=144 REs per PRB pair available for PDSCH. The reduced control channel would give 168-16 = 152 REs per PRB pair for the subframes that do not contain PDCCH – not even considering the potential PCFICH or PHICH in here. 
Therefore, we end up with 

Throughput gain upper bound  =  (144 + 3*152) / (4*144)  = 4.16% gain

Observation 3: In case of PDCCH scheduling, the practical upper bound of gain from control channel overhead reduction is less than 5%.
In case EPDCCH scheduling is utilized (in PDCCH-less subframes), in many cases a single PRB pair may be enough to transmit the DL scheduling assignment. Therefore, the potential gains in context of EPDCCH scheduling are clearly even less than for PDCCH.

Observation 4: In case EPDCCH is utilized for transmission of DL scheduling assignments, the potential available gains from control channel overhead reduction through multi-subframe scheduling are lower than with PDCCH.

In light of these observations, we would suggest the group to consider the low potential for throughput gains from control channel reduction in deciding whether to standardize such a feature requiring a total redesign of HARQ operation (as discussed in the compantion contribution [3]) for Rel12.
4
Conclusion
In this contribution we discussed and analysed the potential throughput gains available from control channel overhead reduction through multi-TTI/cross-subframe scheduling. We presented the following observations that we would like the group to take into consideration:
Observation 1: In FTP1 traffic model, for the transmission of DL scheduling assignments, only a single OFDM symbol is sufficient for PDCCH. In case EPDCCH would be configured in combination with PDCCH-less subframes, only a single set of e.g. 2 or 4 PRBs is needed.

Observation 2: In order to provide PDSCH throughput gains through multi-TTI/cross-subframe scheduling, PDCCH-less subframe operation combined with PDSCH starting in OFDM symbol#0 will be required.
Observation 3: In case of PDCCH scheduling, the practical upper bound of gain from control channel overhead reduction is less than 5%.
Observation 4: In case EPDCCH is utilized for transmission of DL scheduling assignments, the potential available gains from control channel overhead reduction through multi-subframe scheduling are lower than with PDCCH.
References

[1] 3GPP TR 36.814 Further advancements for E-UTRA physical layer aspects
[2] R1-132300, On PDCCH-less subframes - PDSCH/EPDCCH starting in Symbol#0, Nokia, Nokia Siemens Networks
[3] R1-132301, HARQ considerations in multi-subframe scheduling, Nokia, Nokia Siemens Networks
