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1. Introduction
In RAN1#78bis meeting, it was agreed that [1]:

Agreements:
· Reduced UE bandwidth of 1.4 MHz in downlink and uplink is prioritized as the most important complexity reduction technique for Rel-13 MTC UEs.
· Regarding the physical downlink control channel for MTC:

· It is used to transmit DCI messages to Rel-13 low complexity UEs

· Its usage for other purposes than unicast transmission is FFS

· Its usage for other UEs in enhanced coverage is FFS

· It is a narrowband (within 6 PRBs) control channel

· Its demodulation is based on CRS and/or DMRS (FFS)

· It is not mapped to legacy control regions
· Its design is based on PDCCH or EPDCCH unless some aspects are agreed as not applicable
· This does not preclude the consideration of Rel-13 low complexity UE accessing 1.4 MHz system BW using legacy (E)PDCCH
In this contribution, we share our views on MTC physical control channel and its relation with resource allocation and accommodation within the LTE system bandwidths.
2. Discussion
In the MTC SI/WI for Rel.12, reduced bandwidth related schemes were intensively discussed coming up with quite a few mechanisms. As one of the conclusions, complexity was mainly reduced by introducing the category 0 UE. The supported maximum TBS is limited, which indirectly shrinks the supported bandwidth required for PDSCH.

However, it is clear that the RF cost cannot be saved by merely limiting the number of PRBs used for one TB in the data channel. The consequential benefits of this would be mostly achieved in the base band processing. Hence, to further lower the cost of the RF part, Rel.13 MTC pursues a specification of 1.4MHz RF bandwidth in both downlink and uplink. In this way the cost could further diminish solidly.
From our understanding, the reduced bandwidth requirement not only applies to the design of the MTC physical control channel structure but also affects the resource allocation indication carried by the control channel, and even the scheduling procedure.
2.1. MTC physical control channel
When a MTC UE tries to get access to the network, the basic procedure should still be applied that firstly the UE detects synchronization signals and then reads the MIB in the broadcast channel. After that, the other necessary system information in SIBx need to be acquired via common search space physical control channel detection and the scheduled data channel demodulation.
Now that MTC physical control channel can only operate in a narrowband, the corresponding study should firstly focus on how to accommodate the narrowband control channel in common search space in a wider system bandwidth. This issue applies whether the MTC is based on PDCCH or EPDCCH. In either case it is expected that both the eNB side and UE side have a tacit understanding of all the necessary control channel information, e.g. resources and expected UE behaviour for PDSCH demodulation, etc.
Proposal 1: It needs further study on how the common search space of a narrowband MTC physical control channel is accommodated in larger system bandwidths.

We also have the follow working assumptions in the previous meeting that [1]:

· The maximum TBS for unicast transmission for Rel-13 low complexity UE is approximately 1000 bits.
· UE is not required to support simultaneous reception of multiple transmissions for unicast and broadcast transmissions at least for Rel-13 low complexity UE. If eNB schedules unicast and broadcast simultaneously to UEs

· FFS: UE behavior
Due to this requirement, we may need to be careful of possible new UE behaviours and also the physical control channel design, especially when taking into account coverage enhancement by repetitions.
Proposal 2: The UE behaviour in detection of the MTC physical control channel and the scheduled PDSCH needs careful study.
2.2. MTC resource allocation
From our understanding, the physical control channel design also involves the carried control information. The DL/UL resource allocation (RA) or grant is an important part of the control channel function. Further, the RA bits are actually decided by the scheduling scheme and other functions. For example, since the MTC UEs are only equipped with a 1.4MHz bandwidth, some of the conventional resource allocation types may not be necessary anymore and require changes. 

Considering the specific features of MTC traffic and large number  of UEs per cell and also the new target of power consumption reduction, we summarize how to allow a bandwidth reduced UE to operate with any system bandwidth. The following analysis of different possibilities is provided:
(1). Pre-defined/fixed allocation

It is the simplest option from UE point of view. 
Benefits:

· No additional configuration procedure to cause control signalling overhead. 
· Allows reception of broadcast transmissions (e.g. system information)

· Power consumption can be reduced by alleviating the control channel detection complexity at receiver side.
Drawbacks:

· Impact on the scheduling flexibility of the system: only time domain flexibility would be available which would result in additional latencies, if massive traffic loads would occur. 
· Human traffic impact (in terms of additional latencies and ultimately QoS), since the eNB’s scheduler may have less flexibility to schedule any human-orientated traffic on the MTC band.

· Suboptimal protection against frequency selective fading.

· In addition, there may also be cases that the network deployment changes or UE offloading to other resources is needed.
In such case, these points indicate that the fixed allocation cannot flexibly accommodate typical network machine traffic scenarios.
(2). Dynamic allocation
If the frequency location used for low-cost MTC UEs is dynamically changed, it indeed requires quite significant changes to the current resource allocation techniques and procedures, as a 1.4MHz RF bandwidth would restrict not only the data channel but also control channels. 
Benefits

· Increased scheduling flexibility and frequency selectivity gain. 
Drawbacks
· Such a dynamic manner of frequency allocation cannot bring obvious scheduling gain  for MTC UEs beyond that available with semi-static allocation, given the low mobility and slowly changing channel for an MTC UE. 
· Significant changing control signaling/procedure for scheduled MTC UEs.
· Power consumption may not be saved at receiver side if the control channel detection need to be conducted timely subframe by subframe to support dynamic allocation.
(3). Semi-static allocation
Benefits

· Optimal flexibility - control overhead/complexity trade-off.
· Better immunity to frequency selective fading and interference fluctuation vs. the static allocation.
· Less control overhead than the dynamic method.

· Power consumption can be reduced by alleviating the control channel detection complexity at receiver side.
Drawbacks:

· Lesser immunity to frequency selective traffic fading than the dynamic allocation.

· More control overhead than the static method
Based on the above, MTC UEs employing the same frequency location and assuming reduced bandwidth, can be regarded as one group. Hence the MTC UEs in one group can be efficiently scheduled through some optimization. For example, assuming (i) delay tolerant traffic, (ii) low mobility attributes of the coverage deficit MTC devices and (iii) slow environment variation characteristics, some parameters relating to resource allocation could be configured using a long-term period and also be reused within one group. 
To accommodate the 1.4MHz in any of the LTE system bandwidths, it could be further studied as a new “virtual system bandwidth” concept. If so, some signaling overhead could be potentially reduced. Therefore, DCI carried by a common search space or high layer signaling could support the scheduling function in a grouped manner, not only for the resource allocation but also for the other potentially shared parameters.
Proposal 3: Semi-static configuration of the MTC resource allocation should be considered for physical control channel design.
3. Conclusion
In this contribution, we share our general views on MTC physical control channel and related resource allocation manners. Based on the analysis, we have the following proposals:
Proposal 1: It needs further study on how the common search space of a narrowband MTC physical control channel is accommodated in larger system bandwidths.

Proposal 2: The UE behaviour in detection of the MTC physical control channel and the scheduled PDSCH needs careful study.
Proposal 3: Semi-static configuration of the MTC resource allocation should be considered for physical control channel design.
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