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Discussion
1
Introduction

In RANP#57, the Low-cost UE SI was revised to investigate feasibility and techniques for a potential 20 dB improvement in coverage when compared to the LTE cell coverage footprint as engineered for “normal” LTE UE’s. 
Coverage extension for Low-cost UE’s is considered for low rate traffic in the DL and UL. Typical assumed message sizes are of the order of DL 20 bytes and UL 100 bytes. Allowable data transmission latencies are in the order of up to 10 seconds in the DL and up to 1 hour in the UL [2].
In this contribution we discuss several techniques to achieve significantly extended coverage for low-rate data transmissions and their associated implementation and specification impacts.

2
General design considerations
In order to significantly extend achievable coverage for low rate Low-cost UE’s, LTE data channels should be considered independently from the LTE control channels/signals.
Generally, it can be said that PDSCH and PUSCH data channels due to HARQ offer much more flexibility than the LTE control channels/signals to accumulate useful energy-per-bit. Most, but not all R8 LTE DL or UL control channels/signals were designed to offer several dB’s more Rx sensitivity than PDSCH or PUSCH in terms of expected LTE data rates for cell edge performance. In R11, improved performance requirements can increase demodulation performance for certain scenarios and under certain assumptions. However, coverage improvements in the order of up to 10-15 dB should be considered hard to reach for almost DL and UL control channels / signals, including PUCCH and PDCCH without significant re-design of the LTE air interface.
Therefore, we recommend considering first whether existing PDSCH and PUSCH data channels have the potential to offer increased DL and UL coverage in the order of up to 20dB for low rate traffic.
Extending coverage for LTE data channels must take existing user plane MAC, RLC and PDCP protocol operation into account. The number of allowable HARQ re-transmissions per HARQ process may not be much limited by MAC; rather R8 RLC will impose constraints in the form of re-transmissions timers and the principles underlying RLC AM operation. Overhead incurred in L1, MAC and RLC in presence of RLC segmentation will impose practical limits capping the benefits of transmitting a small payload packet through multiple concurrent HARQ processes.

Similarly, PDSCH and PUSCH coverage for low rate MTC data transmissions may rather be considered limited through RRC and NAS message sizes on PDSCH and PUSCH and associated protocol timers. In particular in the DL, RRC and NAS control messages result in higher payloads than actual MTC data packets. Associated RRC and NAS procedure timers result in tight constraints to complete one-way RRC or NAS signaling transfers timely, i.e. much less than 10 sec’s for MTC data are available. Furthermore, PDCP header compression cannot be assumed available for small and infrequent data packets. For the case of TCP, handshaking protocols always results in larger DL packets than the actual MTC payload [2].

Secondly, control channel design in support of PDSCH and PUSCH data transmission should be analyzed in terms of essential required functionality. Support for system acquisition and random access in the form of synchronisation signals and a random access channel mechanism may be deemed essential. However, extending coverage for signals like PCFICH, PDCCH, SRS or PUCCH F2/3 may not be critical when proper system design assumptions are made.
In the following, we discuss coverage extension techniques for PDSCH and PUSCH data channels. We summarize potential for coverage improvements and specification impacts for the presented techniques in Section 4.
3
Extending PDSCH and PUSCH coverage
For PDSCH and PUSCH, increasing the number of HARQ re-transmissions (per HARQ process) and/or increasing the RLC segmentation level (number of HARQ processes per packet) are the two most determining factors in the link budget when transmission power settings to increase the available PSD per RB can’t be changed.
3.1
Increasing the number of HARQ re-transmissions
Existing LTE design offers much flexibility in terms of HARQ operation, yet limitations exist in both MAC and RLC. In the DL, asynchronous HARQ operation does not nominally limit the number of possible re-transmissions for a given active HARQ process. In the UL, the maximum number of re-transmissions per TB is currently limited to 28 through RRC. RLC operation and buffer management in UE and eNB also impose limits onto re-transmission timelines.

In addition to concatenation and segmentation, RLC ensures in-sequence delivery both in RLC UM and RLC AM. The RLC re-transmission mechanism is used only with RLC AM. By monitoring sequence numbers of incoming PDU’s the RLC in the receiver identifies missing PDU’s and feeds back status reports to the transmitter. The transmitting and receiving RLC entities maintain a transmission and a reception window respectively. The two fundamental timer values that govern RLC AM operation are the reordering timer (200 ms or less) and the polling re-transmit timer (500 ms or less). When RLC segmentation is used, multiple RLC PDU’s will be created per MTC payload packet. Expiry of the re-ordering timer before a PDU is received results in request for re-transmission through RLC. In order to prevent situations where too many RLC status reports are generated, the prohibit timer can be set, i.e. not more than one status report is sent during a given time interval.

It becomes clear that RLC operates on timescales of order of hundreds of msec’s at most and in typical LTE implementations expect delivery from MAC within this timeframe. While much flexibility is given to eNB side implementation, HARQ transmission delays in the order of several sec’s such as assumed for DL MTC payloads will not work out of the box, i.e. changes should be expected in RLC.
Increasing the number of re-transmissions per HARQ process is a useful technique to extend both DL and UL coverage, but it will provide more improvement in the DL than in the UL.
Large urban macro cells are UL noise limited and a significant percentage of UE’s would transmit at maximum UL Tx power even at low data rates of some 5-10 kbps. The average number of re-transmissions per TB observed in the DL at system level is typically lower by a factor 2-3 in the DL than in the UL for the same data rate.

When assuming that a number of average 50 total re-transmissions is in reach at the expense of protocol changes in MAC and RLC, increasing the number of HARQ re-transmissions would offer the potential to improve DL coverage per HARQ process by around 10 dB, but only by around 3-4 dB per HARQ process in the UL.
3.2
Increasing the RLC segmentation level
Increasing the RLC segmentation level (number of HARQ processes per packet) will provide more benefit for UL transmissions than for DL transmissions.
For a UE transmitting 100 byte MTC payloads plus some 20-30% protocol headers, the UL subframe utilization ratio, i.e. the effective use of the largest possible number of UL subframes at 23dBm Tx power determines the useful signal energy per bit. If the MTC data packet is transmitted as a single RLC PDU, it will be transmitted as single TB in a given subframe. In average, only every 8th UL subframe will be used for transmission, while transmit power in the idle UL subframes is not used. RLC segmentation reduces both the TB size per subframe and it increases the number of concurrent UL HARQ processes, i.e. the number of UL subframes where the UE transmits at full 23dBm.
The benefits of increased RLC segmentation levels and the use of more UL subframes to deliver the same MTC payload diminishes due to protocol overhead at segmentation levels of 4 and 8. For example, if the MTC payload in the UL is transmitted as single 100 byte RLC PDU (neglecting PDCP and L3 headers) in a single UL subframe, L1 CRC, MAC and un-segmented RLC AM headers result in 6 bytes overhead (6% of data). If the same 100 byte MTC packet is segmented into 4 RLC PDU’s and transmitted using 4 concurrent UL HARQ processes, each RLC PDU will incur 8 bytes overhead, i.e. 32% overhead per SDU. Benefits from increased RLC segmentation levels tend to flatten out.
For the UL, transmission of 100 byte MTC payloads plus PDCP and L3 headers RLC segmentation of 4 can be expected to result in increased coverage by around 4-5 dB. In the DL, the smaller MTC payloads much reduce the effectiveness from increased RLC segmentation levels, i.e. already for segmentation level 2, more than 60% of the PDSCH will contain L1 CRC, MAC and RLC segment headers. At best, some 2 dB improvement may be in reach.
Overhead reduction techniques in RLC, MAC and L1 may be considered in order to increase the effectiveness and benefits from RLC segmentation for low rate data transmission in the order of 10-100 bytes.
It is worth nothing that RLC segmentation and an increased number of active HARQ processes also increases requirements in terms of PHICH and PUCCH control channel robustness which has led to the adoption of R8 TTI bundling in the UL.

3.3
Using TTI bundling
R8 LTE introduced TTI bundling to improve UL VoIP coverage. The principle is to maximize the amount of time a UE can transmit continuously at maximum power using as many UL subframes as possible. A single TB is channel coded and transmitted in a set of 4 consecutive TTI’s. The bundled TTI’s are treated as a single UL resource assignment where only a single UL grant and a single PHICH ACK/NACK are required. TTI bundling in R8 LTE is activated through RRC. When R8 TTI bundling is used, every VoIP packet can now be transmitted using a bundle of 4 consecutive subframes repeating in patterns of period 16 subframes. This is to respect the LTE UL Synchronous HARQ n+8 re-transmission intervals for a given HARQ process.

R8 TTI bundling (bundle size 4) for VoIP offers the possibility to boost coverage by some 2-2.5dB. Increasing the TTI bundle size to 8 would not necessarily result in a 3dB improvement, because the burst error rates over 8 consecutive TTI’s per bundle don’t result in much net increase in collected signal energy when compared to bundle size 4.

For UL low-rate data transmissions without the stringent UL transmission time constraints for VoIP, the relative benefits of TTI bundling can be expected to increase. The use of TTI bundling may also be beneficial because it compresses transmission timelines from the point of view of RLC and guarantees that all UL subframes can be used by the UE without incurring the L1, MAC and RLC protocol overhead when segmentation is used.
Similarly, introduction of TTI bundling for PDSCH should be considered in the DL to improve coverage for low rate data services for Low-cost UE’s based on LTE.
When re-using existing R8 TTI bundling mechanism for PUSCH for low rate data transmissions, an improvement of some 3-4 dB can be expected. If PDSCH TTI bundling is introduced, a similar improvement can be expected for the DL low rate data transmissions.
4.
Conclusions and Recommendations

In this contribution, we discussed 3 potential techniques to extend DL and UL coverage for PDSCH and PUSCH for low rate data transmissions: increasing the number of HARQ re-transmissions, increasing the RLC segmentation level, and using TTI bundling. Table 1 contains a summary improvements and specification impacts for the presented techniques.
Table 1: Summary of techniques for PDSCH and PUSCH coverage extension for low rate data
	Coverage extension technique
	Potential improvement when compared to R8 10 kbps DL or UL
	Specification impact
	Notes

	(1) Increasing the number of HARQ transmissions
	DL: ~10 dB
UL: 3-4 dB
	None for ~25 max re-Tx.
Some for ~50 max re-Tx
(RLC and RRC)
	RLC imposes constraints

	(2) Increasing RLC segmentation levels
	DL: ~2 dB
UL: 4-5 dB
	None (R8) to
Medium (with overhead reduction techniques)
	Would benefit from L1, MAC and RLC overhead reduction techniques.

	(3) TTI bundling
	DL and UL: 3-4 dB
	DL: Medium
UL: None (R8)
	Gains not additive to (2)
Requires introduction of DL TTI bundling
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