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1. Introduction

At the RAN1#81 meeting, there were the following agreements regarding the definition of narrow-band (NB) (s) of 6 PRBs.

Agreements:

· A narrowband is defined as a set of contiguous PRBs

· At least for TDD, the same set of narrowbands are specified for both DL and UL

· NOTE: This avoids additional retuning in TDD

· Narrowbands are non-overlapping

· FFS: Some PRBs may not be included in any narrowband

· FFS the location of these PRB(s) (e.g., edge(s), near the center, …)

· The PSS/SSS/PBCH may be in one or more narrowbands. PSS/SSS/PBCH is independent of any narrowbands

· In case a UE needs to monitor PSS/SSS/PBCH of a cell, it can be retuned to the center 72 subcarriers (excluding system DC)

· FFS how the narrowbands are defined across the system BW

· FFS if an offset is allowed for aligning UL narrowbands with legacy PUCCH and/or PRACH

Related to the agreed NB definition, the resource allocation for the PDSCH and time-relationship between the M-PDCCH and PDSCH were also agreed in [1]. In this contribution, we first describe our views on the PDSCH resource allocation. Then, we present the methods to restrict CSI measurements for the low complexity (LC) MTC UEs.

2. Resource Allocation for PDSCH
It was agreed to define the NB of 6PRBs for the LC-MTC UEs for both downlink and uplink. The defined NBs would be basically used for all the downlink and uplink physical channels. Related to the agreed NB definition, the revised working assumptions on resource allocation for the PDSCH were agreed as follows.

· For Rel-13 low complexity UEs in normal [FFS: small enhanced] coverage, under cross-subframe scheduling,

· Case 1:

· 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 

· FFS: whether and/or how to utilize PRBs not included in any narrowband of 6PRBs

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

· FFS: details

· FFS: whether and/or how to  define a case (Case 2) that UE can assume PDSCH is scheduled in the same or a known (when frequency hopping is used) narrowband

· This doesn’t preclude predefined frequency hopping 

As agreed above, 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. We note that such multiple sets of the NB configured by higher layer signaling can be also applied to frequency hopping as described in our companion document [2]. 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. The methods to restrict the CSI measurement are discussed in Sect. 3. 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: Higher layer-signaling restricts available NBs for CSI measurement and resource allocation to 4 or 8 NBs. 

Proposal 2: The granularity for the resource allocation within a NB needs to be further decided between 1 and 2 PRBs.
Although the detailed definition of the NB are not yet decided, 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. Similar comments were made by some companies in the RAN1#81 meeting. 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. 1. 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. 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. 2. 

Proposal 3: The need for flexible scheduling using NBs should be further considered. 
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Figure 1 – Misalignment of resource allocation between RBG and NB.
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(a) Example 1
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(b) Example 2

Figure 2 – Flexible resource allocation using NB.
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. Methods to Restrict CSI Measurement
Details regarding the CSI measurement as well as reporting remain still FFS. It is not efficient to perform the CSI measurements for the entire LTE system bandwidth since the LC-MTC UEs only monitor one NB in a subframe. Restricting the number of NBs for the CSI measurements along with resource allocation would be inevitable. The following options can be considered to perform the CSI measurements for the restricted sets of the NB.

· Option 1: Define measurement gap for CSI measurement
· In this option, a measurement gap is defined and configured for each configured NB. This option is similar to a measurement gap for inter-frequency measurements for the normal LTE UEs. However, during the CSI measurement in a configured gap, any DL transmissions/receptions are not possible. In terms of the length of the gap, 1ms may be sufficient, but an additional time of 2ms would be needed for frequency retuning. 

· Option 2: Apply frequency hopping to NBs for the M-PDCCH monitoring and perform CSI measurement in the same NB
· Frequency hopping would be applied to the NBs used for monitoring the M-PDCCH. Such an application of frequency hopping to the NBs used for monitoring the M-PDCCH would be useful even when the repetition is not applied. In this option, the CSI measurement is also performed in the same NB as that for monitoring the M-PDCCH as shown in Fig. 3. We note that the M-PDCCH monitoring NBs would be the same as multiple sets of NB for the PDSCH.
Between options, we prefer to Option 2 since a gap only for the CSI measurement is not needed.

Proposal 4: The CSI measurement should be performed for the same NBs as those for monitoring the M-PDCCH.
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Figure 3 – M-PDCCH monitoring and CSI measurement (Option 2)

4. Conclusion
In this contribution, we described the resource allocation scheme using NBs for the PDSCH as well as the methods to restrict CSI measurement for multiple narrow-bands. Based on the discussion above, we propose the followings.
Proposal 1: Higher layer-signaling restricts available NBs for CSI measurement and resource allocation to 4 or 8 NBs. 

Proposal 2: The granularity for the resource allocation within a NB needs to be further decided between 1 and 2 PRBs.
Proposal 3: The need for flexible scheduling using NBs should be further considered. 

Proposal 4: The CSI measurement should be performed for the same NBs as those for monitoring the M-PDCCH.
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