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1. Introduction

In 3GPP NB-IoT Adhoc meeting, NB-PDCCH and NB-PDSCH are discussed [1]. By the discussion, for DL multiplexing of NB-PDCCH and NB-PDSCH, the following agreement was achieved:
· For NB-IoT, 

· One CCE consists of 6 subcarriers per OFDM symbol in a subframe
· NB-PDCCH and NB-PDSCH are multiplexed only based on TDM at subframe level at least per UE
· It means that only cross subframe scheduling is supported
· Different NB-PDCCHs:

· TDM at subframe level for extended and extreme coverage.

· Can be multiplexed in one subframe for normal coverage
· FFS: FDM+TDM
For NB-PDSCH design,
· For PDSCH: 

· Resource mapping: frequency first, then time.

· QPSK baseline, 16-QAM FFS

· Single process HARQ for PDSCH is realized by adaptive and asynchronous timing transmission
· Channel coding: TBCC
· FFS: RV for NB-PDSCH is supported

In this contribution, based on the agreement of previous meeting, at first the multiplexing of NB-PDSCHs of different UE is discussed. Then the resource allocation and scheduling issues are investigated. Both time domain and frequency domain resource allocation schemes are proposed.
2. The multiplexing of NB-PDSCHs of different UE
In LTE, the basic schedule unit for PDSCH is 1 ms subframe in time and 12 subcarriers (1PRB) in frequency. The PDSCHs for different UEs can be multiplexed in one subframe with different PRBs. However, for NB-IoT, the whole bandwidth is only 1 PRB. To support multiplexing of different NB-PDSCH in one subframe, sub-PRB transmission will be required. Although spec. effort is increased, it is still very beneficial to allow better UE multiplexing and scheduling flexibility so as to reduce the delay due to the long repetitions for normal coverage case. Moreover, as pointed in [2], sub-PRB transmission can enable eNB boosting the power to a certain UE with sub-PRB allocation, which can further extend the coverage. So supporting multiplexing of different NB-PDSCH in one subframe is preferable at least for normal coverage case.
Multiplexing among multiple coverage classes is another problem to consider for NB-IoT. For extend and extreme coverage UE, more repetition is required for reliability.  In this case, sub-PRB transmission cause further more repetition in time domain which greatly increases the time in connected mode. In energy efficiency point of view, It is beneficial for the UE to transmit or receive the data and return to sleep mode as soon as possible. So it  better that sub-PRB transmission be not operated in this case. For extend and extreme coverage UE, the multiplexing of NB-PDSCHs is only in TDM manner by using different subframes.

By the above discussion, here comes our first proposal as follows:

Proposal 1
-For normal coverage case, the multiplexing of NB-PDSCHs of different UE in one subframe in FDM manner can be supported by using sub-PRB resource allocation. For extend and extreme coverage case, the multiplexing of NB-PDSCHs of different UE is only based on TDM manner.
3. The Frequency Domain Resource Allocation
To support multiplexing of different NB-PDSCH in one subframe, sub-PRB transmission will be required. As agreed in the 3GPP RAN1 NB-IoT Adhoc meeting, for NB-PDCCH, within a PRB pair, 2 CCEs are defined, and One CCE consists of 6 subcarriers per OFDM symbol in a subframe.  To enable successful multiplexing of control and data of different UEs, It is better that both NB-PDCCH and NB-PDSCH use the same resource allocation unit.
In this contribution, we define CCE of NB-PDCCH and basic resource unit (BRU) for NB-PDSCH with the same structure. That is the resource for one CCE equal to one BRU. In one PRB pair, there are two CCEs/BRUs which can be numbered as CCE1 and CCE2 (BRU1 and BRU2). Two different CCE/BRU designs are shown in Figure 1.
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Figure 1 Resource for CCE/BRU 
For NB-PDSCH transmission, it can use BRU1, BRU2 or both. To indicate the frequency domain resource allocation, DCI format is one candidate. However, to reduce the DCI format overhead, frequency domain resource allocation indicated by the CCE index of the NB-PDCCH is proposed. The detail method is:

1)If only CCE1 is used in one subframe for NB-PDCCH to schedule the NB-PDSCH, then BRU1 is allocated to this NB-PDSCH. It should be noted that if more than 1 subframe is used for NB-PDCCH, only CCE1 in all the subframes are used for this NB-PDCCH. 

2)If only CCE2 is used in one subframe for NB-PDCCH to schedule the NB-PDSCH, then BRU2 is allocated to this NB-PDSCH. It should be noted that if more than 1 subframe is used for NB-PDCCH, only CCE2 in all the subframes are used for this NB-PDCCH. 

3)If both CCE1 and CCE2 are used in one subframe (whole PRB pair) for NB-PDCCH to schedule the NB-PDSCH, then the whole PRB pair is allocated to this NB-PDSCH. It should be noted that if more than 1 subframe is used for NB-PDCCH, the whole PRB pair in all the subframes are used for this NB-PDCCH.
From above we can see that without increase of the DCI overhead, frequency domain resource allocation can be indicated. Here comes our second proposal as follows
Proposal 2
- It is better that both NB-PDCCH and NB-PDSCH use the same resource allocation unit. The frequency domain resource allocation can be indicated by the CCE index of the NB-PDCCH who schedule this NB-PDSCH.
4. PDSCH Scheduling and Time Domain Resource Allocation
To scheduling the NB-PDSCH, at first, the scheduling duration (window) is defined and configured which may be several radio frames or subframes. If NB-PDSCH always occupies consecutive subframes, to indicate the  time domain resource allocation, DCI format need indicate two information, the starting subframe and the number of subframe of NB-PDSCH within one scheduling duration. Figure 2 shows one example of the time domain resource allocation.
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Figure 2 one example of the time domain resource allocation
To indicate these two information, we can reuse the principle of  LTE DL resource allocation type 2. In this scheme, there is only one resource allocation field named as resource indication value (RIV) corresponding to a starting subframe (
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For this method, the required number of bits for resource allocation is 
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By the proposed method, time domain resource allocation can be implemented with less spec. effort. Here comes our third proposal as follows:
Proposal 3
- To scheduling the NB-PDSCH,  the scheduling duration is defined. For time domain resource allocation within one scheduling duration, LTE DL resource allocation type 2 principle can be reused.
5. Conclusions
In this contribution, we discuss the resource allocation and scheduling issues for NB-PDSCH in more details. Based on the discussion, we have 3 proposals as follows:
Proposal 1
-For normal coverage case, the multiplexing of NB-PDSCHs of different UE in one subframe in FDM manner can be supported by using sub-PRB resource allocation. For extend and extreme coverage case, the multiplexing of NB-PDSCHs of different UE is only based on TDM manner.

Proposal 2
- It is better that both NB-PDCCH and NB-PDSCH use the same resource allocation unit. The frequency domain resource allocation can be indicated by the CCE index of the NB-PDCCH who schedule this NB-PDSCH.
Proposal 3
- To scheduling the NB-PDSCH,  the scheduling duration is defined. For time domain resource allocation within one scheduling duration, LTE DL resource allocation type 2 principle can be reused.
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