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1. Introduction
In RAN1#80b, the following agreements/observations were reached: 
Agreements:
· In a subframe, a maximum aggregation level equivalent of L=24 ECCE is introduced for LC/CE UEs
Agreements:

· PDSCH narrowband location in the first subframe containing PDSCH which is scheduled by EPDCCH:

· Option 1: Dynamic narrowband location indicated by DCI

· Option 2: Same narrowband location as the associated EPDCCH

· Option 3: Known narrowband location

· FFS: Which Option to select may depend on amount of required coverage enhancement

· It means one or two option(s) in total

· From RAN1#80 agreement: for Rel-13 MTC UEs in enhanced coverage, if subframe n is the last physical downlink control channel for MTC repetition then PDSCH start n + k (k > 0)

· Value of k is:

· Option 1: k is fixed

· Option 1-A: k=1 or 2, where PDSCH is allowed to use a different narrowband from the associated EPDCCH

· RAN1 will select a single value of k after receiving RAN4 input on retuning time

· Option 1-B: k=1, where PDSCH always use the same narrowband location as the associated EPDCCH

· FFS for the subframe n+k not allowed for PDSCH (e.g. PMCH, TDD, HD-FDD)

· Option 2: k is variable

· When not operating coverage enhancement, Option 1 is used when cross-subframe scheduling is used

· FFS: Which Option to select may depend on amount of required coverage enhancement

Agreements:
· A set of DL and UL narrow-band(s) are known to UE

· Definition of narrow-band(s) is specified in the spec

· FFS details of a definition of narrow-band(s)

· FFS on how to UE knows available narrow-band(s) for MTC UEs

· One narrow-band size is 6PRB

· FFS on other narrow-band size(s)

· PRBs in a narrow-band are aligned with legacy PRB mapping

· Frequency hopping over the system bandwidth is not used for at least

· PSS/SSS

· PBCH

· At least in CE, frequency hopping over the system bandwidth can be used for common message for Rel-13 MTC UEs (RAR, paging, MTC SIB(s), FFS on response for message 3)

· Hopping pattern between narrow-bands is supported

· FFS on details of hopping pattern

Agreements:

· Multiple ECCE aggregation levels and multiple numbers of repetitions are defined in specification for ‘Physical downlink control channel for MTC’

· A set of possible combinations of {ECCE aggregation level, number of repetition} is defined in the spec

· FFS: what combinations of ECCE aggregation levels and numbers of repetitions to support

· The following earlier RAN1 agreements are not affected by the above FFS.

· For Rel-13 low complexity UEs in enhanced coverage and at least unicast channel at least for system BW>1.4MHz

· For enhanced coverage UEs, one ‘Physical downlink control channel for MTC’ containing one DCI is allowed to be mapped to fully occupy available REs in 6 PRB pairs

· In a subframe, a maximum aggregation level equivalent of L=24 ECCE is introduced for LC/CE UEs

· FFS: how to define starting ECCE indices

· A subset of the above set of combinations can be semi-statically configured for constructing a UE-specific search space for ‘Physical downlink control channel for MTC’ by higher-layer signaling

· If configured by higher-layer signaling, it is FFS whether signaling is implicit or explicit.

· Parameters defining an ‘Physical downlink control channel for MTC’ blind decoding candidate in a UE-specific search space (USS) include at least an ECCE aggregation level and a number of repetitions

· FFS: Other signaling mechanisms and parameters in addition to above set of combinations for constructing UE specific search space

Observations: 
· For Rel-13  MTC UEs in both normal coverage and enhanced coverage, the initialization of UE-specific EPDCCH configuration can be performed based on

·  Alt.1A: Dedicated RRC signaling scheduled by EPDCCH in common search space(CSS) if CSS is supported

· The parameters for UE-specific EPDCCH set initialization are included in the RRC signaling scheduled by EPDCCH in CSS

· FFS: The configuration and design of this CSS

· Alt.1B:  Signaling scheduled by EPDCCH in common resources (ref. R1-150060)

· The parameters for UE-specific EPDCCH set initialization are scheduled in common resources

· Alt.2: System information blocks for MTC

· The parameters for UE-specific EPDCCH set initialization are included in the SIBs 

· FFS: Details of scheduling of SIB

· Alt.3A: Messages during RACH: RAR

· The parameters for UE-specific EPDCCH set initialization are included in the RAR

· FFS: Details of scheduling of RAR

· May be combined with Alt.1 or Alt.2

· Alt.3B: Messages during RACH: Message 4

· The parameters for UE-specific EPDCCH set initialization are included in message 4

· FFS: Details of scheduling of message 4

Other alternatives are not precluded
2. Physical Downlink Control Channel
The following aspects are considered for physical control channels:
· Narrowband operation: 

· The location of the narrowband can be indicated by the network with retuning from the center 6 RBs. 
· Half duplex operation: 

· Half duplex operation should be supported, such that no simultaneous DL and UL channels are simultaneously operated.
· This allows more efficient RF implementations, e.g. on chip PA and elimination of duplexer. 

· Support new control channel MPDCCH, which is similar to EPDCCH but more optimized for MTC applications. 

· For UEs in coverage enhancement mode, support cross subframe scheduling. Bundled PDSCH can start after the bundled MPDCCH. 

3. Signaling of UE-specific MPDCCH and need for MPDCCH CSS
In RAN WG1 #80b different options were presented for the signaling of UE-specific MPDCCH search space. In the current LTE specification, the signaling for EPDCCH UE-specific search space is transmitted in the RRC connection setup message (message 4). We propose to keep the same signaling in message 4. 

Proposal 1: Include MPDCCH UE-specific parameters in RRC Connection setup (message 4). Alt 3B.
Therefore, messages up to and including message 4 cannot be scheduled by MPDCCH common search space. Given the current agreements (e.g. SIB1 scheduling) and the increased overhead of control signaling for potentially short packets (e.g. paging), we consider that it is not necessary to design an MPDCCH common search space.

Proposal 2: Do not consider MPDCCH common search space for control signaling. 
We propose/summarize some scheduling alternatives for the following channels that could be thought to need MPDCCH common search space

· SIB1: Already agreed to be control-less.
· Random access response (RAR): The RAR resources and TB size are obtained as a function of MIB, SIB1 and the selected PRACH resource(s). As the random access response window may contain more than one subframe (even with bundling), the UE needs to perform blind decoding of multiple hypothesis (including for example starting subframe, TB size or RAR resources).
· Message 4: The scheduling of message 4 is derived from the information in message 2 (e.g. message 2 could include the UL grant for message 3 and the DL grant for message 4). When trying to receive message 4, the UE should also try to blind decode message 2 again (in case message 3 failed). Decoding message 4 successfully serves as an ACK for message 3, and the repetition of message 3 serves as NAK. Thus, blind decoding is needed again for this case.
· Paging: For efficiency, at least a reduced number of paging message sizes should be considered. For example, we could have 6 UE monitoring the same narrowband for paging, with a maximum paging size of 2 UE (thus, there is some collision probability). The possible sizes could be 0 UE with SI change (short message), 1UE, 2 UE. Multiple blind decoding might be needed in this case for the different paging message sizes.
For some of the described operations the UE might need to perform multiple blind decoding in order to accommodate for different TB sizes/starting subframes. Thus, PDSCH is not a good choice due to the costly turbo-decoding operation. We propose to send these messages using MPDCCH. The benefit of using MPDCCH for these small data packets are:
· Reduced blind detection complexity

· Increased multiplexing capability 
· With other MPDCCH based data transmissions
· With other MPDCCH control channels
Proposal 3: Support control-less operation of random access and paging. For RAR and paging, data is transmitted using MPDCCH with TBCC instead of PDSCH with Turbo code.
4. Narrowband signaling

The current agreement is that each narrowband contains 6PRB aligned with legacy PRB. The definition of narrowband of a different size might not offer a significant increase in flexibility, since the UE baseband is already designed to process 6RB bandwidth, and sub-narrowband assignments can still be performed by not scheduling on some RBs.  For the current LTE bandwidth, the number of PRB is not a multiple of 6, so there has to be some overlapping between them or some PRBs that do not belong to any narrowband. To maximize the number of usable RE, we propose that the number of narrowbands is ceil(NRB/6). The way to select the mapping between PRB/RE and these narrowbands is not straightforward due to the presence of overlapping narrowbands. We make the following observation:
· When performing cell acquisition, the UE has to be tuned to the center 6RB. During this period, the UE tries to acquire PSS/SSS/PBCH. To reduce battery consumption, it might be useful to transmit some short control messages (e.g. paging) in these center 6RB, so that the UE does not have to retune when waking up to read a paging message, for example. Therefore, it is desirable to define the center 6 RB as one of the narrowbands.

If this narrowband is defined (let us denote it by narrowband C), the definition of the other narrowbands can be done by taking PRB in groups of 6 from the band edge until we overlap with narrowband C. An example of narrowband mapping is shown in the next table, where [A,B] means PRB from A to B, including both.

Table 1 Example of definition of narrowbands for 1.4MHz, 3MHz and 10MHz bandwidths
	Bandwidth (in RB)
	Narrowbands
	Narrowband C

	6
	C
	[0,5]

	15
	[0,5], C, [9,14]
	[4.5, 9.5]

	50
	[0,5], [6,11], [12,17], [18, 23], C, [26,31] [32,37] [38,43] ,[44, 49]
	[22,27]


It is worth noticing that the center 6RB for bandwidths with odd number of RB do not align with the PRB boundaries. For example, for the case of 15RB, PBCH uses RB 5,6,7,8,9 and half of PRB 4 and 10. In such a case, if the center 6RB are considered a narrowband, it might be difficult to align the RB boundaries with legacy PRB.
Proposal 4: The number of downlink narrowbands in a cell with NRB resource blocks is ceil(NRB/6). One of the narrowbands is aligned with the PBCH allocation.
In order to simplify the signaling, the hopping operation could be determined by spec based on initial narrowband. For example, let us number the 9 narrowbands for 10MHz bandwidth as 0,…,8, and let us define the narrowband pairs {0,5}, {1,6}, {2,7}, {3,8}. Then, hopping is always performed inside a pair (e.g. if the first narrowband for transmission is 0, the second is 5 and vice versa).
Proposal 5: The hopping pattern for a given bundle size (X and Y) is predetermined (e.g. fixed by spec or SIB1) based on the initial narrowband.
5. Starting Frequency Position for PDSCH

In the previous meeting is was discussed whether the PDSCH starting narrowband should be signaled on the downlink grant or consider it fixed. At least for UE in coverage enhancement mode, the CSI at the transmitter is not accurate/timely enough to have scheduling gain by assigning the best narrowband to each UE. Also, having the flexibility to select the narrowband would increase the DCI payload size, with the corresponding increase in necessary bundle size. This being said, due to scheduling constraints it might be desirable to choose between a subset of the narrowbands for the initial transmission. For example, with 1 bit we could choose between two different starting narrowbands.
Proposal 6: The narrowband location for PDSCH at least for UE in coverage enhancement mode is signaled in DCI. FFS with restriction, e.g. not all narrowband locations are signaled.
6. Summary

Proposal 1: Include MPDCCH UE-specific parameters in RRC Connection setup (message 4), i.e. Alt 3B.

Proposal 2: Do not consider MPDCCH common search space for control signaling. 
Proposal 3: Support control-less operation of random access and paging. For RAR and paging, data is transmitted using MPDCCH with TBCC instead of PDSCH with Turbo code.

Proposal 4: The number of downlink narrowbands in a cell with NRB resource blocks is ceil(NRB/6). One of the narrowbands is aligned with the PBCH allocation.

Proposal 5: The hopping pattern for a given bundle size (X and Y) is predetermined (e.g. fixed by spec or SIB1) based on the initial narrowband.

Proposal 6: The narrowband location for PDSCH at least for UE in coverage enhancement mode is signaled in DCI. FFS with restriction, e.g. not all narrowband locations are signaled.
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