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1. Introduction
 In the previous RAN1#86bis meeting it was shortly discussed which VoLTE improvements for Rel-14 FeMTC BL/CE UE can be considered.  The prioritized enhancements are summarized in LS [1]
2. Adjusted scheduling relationships
In Rel-13 and cross-subframe scheduling, a DL grant sent via MPDCCH in subframe N schedules a PDSCH transmission in subframe N+2. This is to relax the baseband processing of the BL/CE UE. In [2] we analyzed that this scheduling constraint is responsible for a loss of 13% or more in DL data-rate for HD-FDD and proposed to relax this constraint and to allow also PDSCH scheduling via delayed DL grant. In this section show that this scheduling constraint is also responsible for coverage loss in case of constant data-rate.
For VoLTE, the average data-rate is relatively constant and quite low (~10kbps [3]). What important is the coverage, which depends on the air-interface delay window. The two are related as the delay window defines how many repetitions and re-transmissions can be sent to gain certain coverage. 
In a given latency window, to maximize the coverage it means that almost all subframes are used either for DL or UL. This is illustrated in the figure below where MPDCCH is scheduling PDSCH in the Rel-13 timing relationship. It is seen that the full delay budget window is used either for MPDCCH, PDSCH or PUSCH. This is how coverage is maximized.  
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Figure 1 – DL scheduling with Rel-13 cross-subframe scheduling
On the other hand, from the figure we also see inefficiency with MPDCCH scheduling delay, which comes on the expense of DL repetitions. For example, assuming 40ms delay budget and UE will require 32ms for PUSCH repetitions. The remaining 8ms are shared between MPDCCH and PDSCH. Even when MPDCCH is sent with no repetitions, DL grant scheduling delay will consume 2ms which will leave only 6ms for DL. However 6 is not a valid repetition number and PDSCH can only be scheduled with 4ms repetitions. 
According to [4][5], with 32 repetitions for PUSCH and only 4 repetitions for DL, VoLTE coverage is DL-limited compared to UL by between 1 to 2 dB. 
Observation: VoLTE coverage is limited due to the Rel-13 MPDCCH-PDSCH timing relationship. 
To improve MCL (downlink in this case) one option is to use SPS. Then based on the example we would be able to use DL with 8ms repetitions. But as we discussed in [3] we cannot always rely on SPS and non-SPS is sometimes preferred. In this case, we could use the proposed delayed DL grant described in the figure  
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Figure 2 – DL scheduling with proposed delayed DL grant for Rel-14
As illustrated, the DL grant in this figure is scheduling PDSCH transmission for immediately after UE re-tunes back from UL-to-DL. This way, the loss due to the scheduling delay is gone and the delay window is fully used to send PDSCH or PUSCH repetitions (up to PUCCH and guard-subframes). With the example above, now we can use 32ms for PUSCH and 8ms for PDSCH. 
Observation: VoLTE coverage can be improved with delayed DL grant. 
The above observation is also true if VoLTE coverage is uplink limited. This is because we could simply ‘trade’ DL repetitions for UL repetitions. What is important is that we got rid of the subframes which are unused for neither DL nor UL repetitions.
One way to define this DL grant is with some flexible scheduling delay. However based on the above examples the scheduling assignment will always point to the first subframe after retuning from UL-to-DL. Therefore in order to save the bits in the flexible delay, we can define a simple rule: 
· If DL grant sent via MPDCCH ends in subframe N and subframe N+1 is guard-subframe, it schedules a PDSCH transmission at subframe N+X+1 where subframe N+X is the next guard-subframe after N+1
Proposal: 
· Modified MPDCCH-PDSCH timing relationship is defined in Rel-14. 
· The modified scheduling delay is implicitly detected based on guard-subframe timing

3. Measurement gaps  
To maintain good quality during VoLTE session, UE should perform measurements and to detect inter-frequency and intra-frequency neighbour cells. For inter-frequency cells most UE (including Cat-M1) will need measurement gaps. 
For intra-frequency, normal UE does not need measurement gap as it always has access to the central subcarriers and detects PSS/SSS. But Cat-M1 UE is bandwidth limited to 1.4MHz and is always required to monitor MPDCCH in a narrowband in any given subframe. Except for system bandwidth of 1.4MHz, for all other system bandwidth there is no narrowband overlapping with central subcarriers, and therefore UE cannot detect neighbour PSS/SSS when in connected mode. In addition, for HD-FDD UE even not all subframes are available for DL monitoring. A solution could be to allocate measurement gaps also for intra-frequency cell detection. 
Observation: In general case, Cat-M1 needs measurement gaps for both intra and inter-frequency cell detection
Configuring a measurement gap of 6ms can impact the VoLTE coverage. For example, with MGRP of 40ms and 6ms MGL it means 6ms less available for repetitions. In this sense it may be better to use MGRP of 80ms. 
On the other hand, in a synchronized network the neighbour PSS/SSS symbols are adjacent to serving cell PSS/SSS (up to [TBD] us) and MGL of 6ms is too large. Under RAN4 WI [4], it is already agreed to support new gap configurations with shorter MGL of 3ms for such synchronous deployment cases. This will be an improvement when used for Cat-M1 with VoLTE.
Observation: using shorter MGL of 3ms is especially beneficial for Cat-M1 with VoLTE
RAN4 agreed [7] these enhanced gap configurations apply to inter-frequency. The 3ms MGL is composed of 1ms for detection and measurements and 2ms for re-tuning to/from inter-frequency. But for Cat-M1 and for intra-frequency, even using 3ms MGL is too much, because the assumed time required for intra-frequency re-tuning from a narrowband to DC (~140us) is much shorter than what is assumed for inter-frequency re-tuning (~1ms). 
So for use-case of synchronized intra-frequency, while normal UE does not require any gap, for Cat-M1 it does require a gap but even a shorter gap of 3ms would be too long. The alternative is to define a 1ms gap which is only reserved for cell detection and during that time, UE is not expected to monitor MPDCCH or to transmit UL. This type of solution is described in the figure below where SF#0 or SF#5 could be configured for such a purpose (and PDSCH/PUSCH are scheduled by SPS).
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Figure 3
Proposal: for Cat-M1 and neighbour cell detection/measurements, with synchronized operation - 
· gap configuration with 3ms MGL is adopted for inter-frequency, once defined
· enhanced gap configuration with 1ms MGL is considered for intra-frequency 
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