3GPP TSG-RAN WG1 Meeting #72bis
R1-131465
Chicago, USA, 15th – 19th April 2013
Source:
Ericsson, ST-Ericsson
Title:
Coverage enhancements for MTC – resource allocation
Agenda Item:
7.2.4.5
Document for:
Discussion and decision
1. Introduction
As important as being able to decode data is the knowledge of when and where to transmit or receive, in LTE Rel-8 this is indicated on the downlink control channel. It is obvious from the link budget analysis that the coverage of the PDCCH is not sufficient to provide the targeted 20 dB coverage improvements. This leaves three options: enhance coverage on PDCCH, design a new control channel for coverage enhancements, or rely on other means of granting resources (semi-static allocations).

2. Discussion
From link budget results presented in [1] we can see that an additional 14.6 dB on the link budget for a normal LTE UE is required in order to obtain the desired overall 20 dB coverage enhancement. If we also consider low cost enhancements like reduced bandwidth and single Rx antenna the link budget improvements may be as large as in the order of 24 dB due to the lack of diversity.  

2.1. Improve PDCCH

As we can see significant improvements are needed to provide the intended 20 dB coverage enhancement. PDCCH coverage can be enhanced in a number of different ways.

Link adaptation on PDCCH is done by assigning different number of CCEs to a transmission. A straight-forward way of enhancing coverage would be to increase the maximum supported aggregation levels. To gain 14 dB an aggregation level of 200 would be needed. This could not be supported even for the largest bandwidths and even a much smaller aggregation would restrict the system from scheduling any other user in that subframe.

To improve link performance the DCI size could also be decreased. This is likely reasonable to assume since for example there is limited need for all the entries in the MCS table and the number of bits for indicating HARQ process could be decreased. However, even if the number of bits was decreased to half of today’s DCI size, that would only imply coverage gain of less than 3 dB.

One “artificial” way of improving the link budget of PDCCH is to relax the required detection probability. Today’s link budgets are based on a miss detection probability of 1%. If this was increased to 10% the link budget would be improved by 2-3 dB. This comes at a cost of higher resource cost on the data channel since each lost transmission results in wasted resources.

Observation: It seems difficult to enhance the current PDCCH structure within millisecond subframe to achieve the targeted coverage enhancement.

2.2. Enhanced PDCCH

As an alternative to relying on the current control channel a new design could be employed to enhance coverage. This would allow for improved control channel capacity and enable more scalable robustness. An example of such a design would be to base it on the existing EPDCCH design but to extend it in time. By assuming a 4 PRB EPDCCH configuration spread over 12 subframes we can achieve an aggregation level of 192. Diversity can be acquired either by spreading the transmission in frequency with a distributed transmission or by frequency hopping in time. However a trade-off between channel estimation performance and diversity should be considered in designing such a scheme.

An additional benefit with a design based on EPDCCH is that it would be compatible both with the legacy carrier type and the new carrier type currently been specified for Rel-12.

Observation: It seems feasible to enhance the current EPDCCH design to achieve the targeted link budget requirement.
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2.3. Remove PDCCH

If all resources and configurations could be fixed in the standard and assigned semi-statically the need for PDCCH functionality could be removed. However due to the nature of packet data transmissions and the wish for freedom in prioritizing resources through dynamic scheduling this option does not look too favourable. An option could be to introduce dedicated data channels but this would increase the complexity since it is not available today, and it would most likely also increase the UE power consumption. Semi-persistent scheduling could be used to minimize the use of dynamic scheduling but not completely remove the need to support dynamic scheduling altogether.
3. Conclusions
In this contribution we discussed different ways of enhancing downlink control channel coverage. We observe that it does not appear feasible to achieve the targeted link budget enhancement by just extending the aggregation level on PDCCH, even if the DCI size is reduced. It also does not look feasible to remove a dynamic resource indicator channel completely. It is hence recommended to further study an extension of the control channel in time, preferably with EPDCCH as a starting point.
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