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1. Introduction

At the RAN1#80bis meeting, there were the following agreements which define the DL and UL narrow-band (NB) (s) of 6 PRBs.

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

The details regarding the NB(s) in the context of the LTE system bandwidth (BW) must be further determined. We first discuss misalignment of resource allocation between the NB of 6 PRBs and the RB group (RBG) of 4 PRBs for a system BW of 20 MHz. There were also the following agreements and related working assumptions regarding the time and frequency relationship between M-PDCCH and PDSCH.

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

Working assumption:
· For Rel-13 low complexity UEs in normal coverage, cross-subframe scheduling (k > 0),

· For unicast PDSCH, DCI indicates one of  narrow-band  and further indicate resource allocation within narrow-band 

· This doesn’t preclude predefined frequency hopping 

· FFS: Details on resource allocation field in DCI 

· CSI measurements can be restricted to a subset of the available  narrow-bands

· FFS: details

In our view, confirming the above working assumptions promotes the above Option 1 in the agreements. Therefore, based on Option 1, we discuss the remaining issues on the time and frequency relationship between M-PDCCH and PDSCH.

2. Definition of Narrow-Band for LC-MTC over LTE System BW
It was agreed to define the NB of 6PRBs for the LC-MTC UEs for both downlink and uplink. Regarding the definition of the NB, the straightforward approach is to equally divide the whole system BW into multiple NBs. When frequency hopping is applied, hopping pattern would be also based on the multiple NBs. The defined NBs would be basically used for all the downlink and uplink physical channels. As described in the working assumption in Section 1, one of the motivations to define the NB is to restrict the CSI measurements for the LC-MTC UEs to a subset of the available NBs. More specifically, a higher layer signaling configures multiple sets of the NB to put restriction on resource allocation and CSI measurement, and then the DCI dynamically indicates one set of NB as shown in Fig. 1. The PRBs within the corresponding NB are further indicated using the resource allocation field in the DCI. In this way, the effort on the CSI measurement can be reduced although the flexibility of resource allocation is somehow lost. In our view, four or eight NBs per UE may be appropriate considering a tradeoff between the CSI measurement effort and potential frequency scheduling gains. From system perspective, the entire LTE BW is still available by configuring different NB sets to the different groups of LC-MTC UEs. Concerning the granularity of resource allocation within a NB, one PRB would become the baseline. However, if such a fine granularity is not needed for the LC-MTC UEs, other values such as two PRBs can be considered to reduce the resource allocation field in the DCI. In the above resource allocation procedure, the number of bits in resource allocation field can be fixed irrespective of the system BWs. In summary, we propose the following.
Proposal 1: Confirm the following working assumptions.

· For Rel-13 low complexity UEs in normal coverage, cross-subframe scheduling (k > 0),

· For unicast PDSCH, DCI indicates one of narrow-band and further indicate resource allocation within narrow-band 

· CSI measurements can be restricted to a subset of the available  narrow-bands

Proposal 2: Higher layer-signaling restricts available narrow-bands for CSI measurement and resource allocation to 4 or 8 NBs. 

Proposal 3: The granularity for the resource allocation within a NB needs to be further decided between 1 and 2 PRBs.
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Figure 1 – Frequency selective scheduling using narrow-bands.

It is highly desirable to align the NB with multiples of RBG in the LTE system BW in order to achieve flexible resource allocation for both normal LTE UEs and LC-MTC UEs. Such a resource alignment between new NB and the RBG can be easily achieved when the size of RBG is 2 or 3 PRBs. Also, for the uplink, there may not be an issue regarding resource alignment between NB and PRB. On the other hand, some considerations would be needed for the RBG size of 4 PRBs since the NB size of 6 PRBs doesn’t always fit to the RBG size of 4 PRBs as shown in Fig. 2. For example, if RBGs #1 and #4 are occupied by the normal LTE UE, the PRBs in NB#0-#3 can’t be fully utilized. There was also similar discussion at the RAN1#80bis meeting where the flexible resource allocation should be supported. If such a flexible scheduling is necessary for the LC-MTC UEs, a solution to this is to define one more set of NB (NB#2) which is generated by shifting the original NB (NB#1) and switch them through the DCI as shown in Fig. 3. 

Proposal 4: The need for flexible scheduling using narrow-bands should be further considered. 
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Figure 2 – Misalignment of resource allocation between RBG and narrow-band (NB).
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(a) Example 1
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(b) Example 2

Figure 3 – Flexible resource allocation using narrow-band.
According to the discussion above, an example of the number of bits for the resource allocation field in the DCI is calculated. If 8 NB sets are configured by higher layer singling, 3 bits are consumed. Then, if 2PRBs are assumed as the minimum size for the resource allocation within a NB, the additional 3 bits are needed. In addition, as described above, two sets of NBs are dynamically switched via the DCI, one more bit is needed. As a consequence, 7 bits for resource allocation would be consumed irrespective of the LTE system BW.

3. Time and Frequency Relationship between M-PDCCH and PDSCH
In this section, we describe the time and frequency relationship between the M-PDCCH and PDSCH. Regarding the frequency locations for the M-PDCCH and PDSCH, the following options are considered. The advantages and disadvantages for each option are also provided.
· Option 1: The UE monitors the M-PDCCH at the same NB as that for the last PDSCH reception.
· Pros: Frequent retuning can be avoided.
· Pros: The M-PDCCH can be also offloaded to different NBs where better channel conditions are observed.
· Cons: If the M-PDCCH indicating the different NB for the PDSCH is not detected by the UE, the eNodeB and UE have different interpretation about the M-PDCCH frequency location.
· Option 2: The UE monitors the M-PDCCH at a given (or configured) frequency location(s) always.
· Pros: eNodeB and UE have the same interpretation about the M-PDCCH frequency location.
· Cons: More frequent retuning is needed.
Considering that the issue regarding the M-PDCCH mis-detection in option 1 may need more work, we prefer to adopt option 2. We note that, even with option 2, the M-PDCCH can be offloaded to multiple NBs by configuring different NBs for the M-PDCCH to different groups of UEs. The similar discussion can be applied to the case when frequency hopping is applied.

Proposal 5: The UE monitors the M-PDCCH at a given (or configured) frequency location(s) always.
Regarding the starting subframe for the PDSCH, it was agreed that the PDSCH reception starts at n+k when the subframe n is the last subframe for the M-PDCCH reception. When the DCI in the M-PDCCH indicates the different NB for the PDSCH, the value of k would be 2 assuming the retuning time of the maximum 1ms. When the DCI in the M-PDCCH indicates the same NB for the PDSCH, k can be 1. However, even when the same NB is assigned for the PDSCH reception, we prefer to use the fixed value of k=2 for simplicity. In this case, the subframes for the M-PDCCH (PDSCH) can be aligned among the UEs regardless of whether the NB for the PDSCH is the same or different from that for the M-PDCCH. The value of k for the UEs in enhanced coverage is discussed in our companion document [1].
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Figure 4 – Frequency relationship between M-PDCCH and PDSCH.
Another remaining issue is whether or not to support the same subframe scheduling for the UEs in normal coverage. In our view, the same subframe scheduling based on the M-PDCCH is already supported in Rel-11 EPDCCH and thus, it should be also supported for the LC-MTC UEs. Since the cross-subframe scheduling is already supported, how to switch the same-subframe and cross-subframe scheduling needs to be discussed. We consider the following options to be selected.
· Option 1: Define UE behaviors (Fig. 5)
· Case 1: RA indicates PRBs outside the configured EPDCCH-PRBs in the same narrow band. ( Same SF-scheduling
· Case 2: RA indicates PRBs including the configured EPDCCH-PRBs in the same narrow band. ( Cross SF-scheduling
· Case 3: RA indicates PRBs in a different narrow band. ( Cross SF-scheduling
· Option 2: Switch scheduling type via signaling (higher layer or DCI)
If option 1 works with the minimum specification impact, we prefer option 1. Otherwise, option 2 should be considered.

Proposal 6: Same subframe scheduling should be supported for the LC-MTC UEs. 
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Figure 5 – Same subframe scheduling and cross-subframe scheduling.

4. Conclusion
In this contribution, we described the definition of the NB of 6 PRBs and presented how to use the NB for the PDSCH transmission. We also discussed the time and frequency relationship for the M-DCCH and PDSCH. Based on the discussion above, we propose the following.
Proposal 1: Confirm the following working assumptions.

· For Rel-13 low complexity UEs in normal coverage, cross-subframe scheduling (k > 0),

· For unicast PDSCH, DCI indicates one of narrow-band and further indicate resource allocation within narrow-band 

· CSI measurements can be restricted to a subset of the available  narrow-bands

Proposal 2: Higher layer-signaling restricts available narrow-bands for CSI measurement and resource allocation to 4 or 8 NBs. 

Proposal 3: The granularity for the resource allocation within a NB needs to be further decided between 1 and 2 PRBs.
Proposal 4: The need for flexible scheduling using narrow-bands should be further considered.
Proposal 5: The UE monitors the M-PDCCH at a given (or configured) frequency location(s) always.
Proposal 6: Same subframe scheduling should be supported for the LC-MTC UEs. 
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