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Discussion and Decision
1
Introduction
In RAN1 NB-IoT Adhoc meeting, it was agreed that, 

· A CCE for NB-PDCCH is composed by resources within a subframe
· within a PRB pair, 2 CCEs are defined 

· Single antenna port transmission is also supported based on the above definition 

· 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
Based on these agreements, we provide our proposals on multiplexing of control channel and data channel for NB-IoT. 
2
Discussion
The detailed design of multiplexing of NB-PDCCH and NB-PDCCH, NB-PDCCH and NB-PDSCH are proposed in this section.
2.1
Multiplexing of NB-PDCCHs

The NB-PDCCHs for different CE level UEs have to be multiplexed in one NB carrier. As a result, the large number of NB-PDCCH repetitions for large coverage enhancement level UEs will incur very high blocking rate especially for normal and small coverage enhancement UEs. This is also analysed in our companion contribution in [1]. 
To avoid such issue, one option (option 1) is to use FDMed pattern for different coverage enhancement level UEs. Option 2 is to have TDMed pattern by defining multiple time regions for NB-PDCCH transmission, each corresponding to one specific coverage enhancement level. Comparatively, less power consumption can be expected for option 2, since at least UE would detect NB-PDCCH only in the configured subframes, and can stay silent in the rest of NB-PDCCH subframes. Besides, the TDMed multiplexing also achieves less number of repetitions for one NB-PDCCH transmission, which further reduce the UE power consumption during NB-PDCCH detection. Based on these, we have the following proposal, 
Proposal 1: The NB-PDCCHs for different coverage enhancement level UEs are TDMed in different set of subframes.

Also as proposed in [1], for both normal coverage and enhanced coverage UEs, a set of NB-PDCCH candidates with {L, R} can be defined, where L is the aggregation level within a configured PRB set, and R is the repetition level for each specific L. One or multiple PRBs, e.g., {1,2,4,8} PRBs can be contained in the NB-PDCCH PRB set, which is based on eNB configuration. The configured PRBs are corresponding to {1,2,4,8} consecutive or non-consecutive subframes. Since one subframe contains 2 CCEs, the total number of CCEs are {2,4,8,16} respectively. 

Different set of aggregation levels can be defined for different NB-PDCCH set size. For normal coverage UEs, the minimum aggregation level could be 1 CCE, so that different NB-PDCCHs can be multiplexed in one subframe. For coverage enhanced UEs, the minimum aggregation level could be 2, which is same as in MPDCCH. In this case, considering the aggregation level are always even numbers and there are 2 CCEs per subframe, actually different NB-PDCCH for different UEs in the same configured PRB set are TDMed if following legacy hashing function, where PDCCH constructed on AL=n starts on a CCE#i fulfilling i mod n = 0.
Based on the analyse, we have the following proposal,
Proposal 2: Different NB-PDCCHs in the same configured NB-PDCCH PRB set are multiplexed in terms of aggregated CCEs. 
2.2
Multiplexing of NB-PDCCH and NB-PDSCH
It was agreed that NB-PDCCH and NB-PDSCH are multiplexed only based on TDM at subframe level at least per UE. There are still two options for the TDM multiplexing. Option 1 is that the multiplexing is based on partial REs (e.g., 6REs) allocation for NB-PDSCH, while option 2 is based on always full 12 REs allocation. Option 1 will incur additional standard impact for NB-PDSCH resource allocation. Besides, it also needs larger repetition times for coverage enhanced UEs compared with option 2. Therefore option 1 needs higher power consumption during NB-PDSCH detection. Having full REs allocation for NB-PDSCH also means NB-PDCCH and NB-PDSCH for different UEs are multiplexed only based on TDM.
Proposal 3: NB-PDCCH and NB-PDSCH are multiplexed using TDM. NB-PDSCH always use 12REs allocation in frequency domain.
Having TDMed NB-PDCCH and NB-PDSCH needs to introduce flexible timing between NB-PDCCH and the scheduled NB-PDSCH [2]. One example is illustrated in Fig.1, where eNB use C1 and C2 in one NB-PDCCH PRB set for NB-PDSCH scheduling for UE1 and UE2 respectively. The NB-PDSCH for UE1 and UE2 are in the same data region, i.e. D2, but obtain different subframes (PRBs), as illustrated. 
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Fig.1 multiplexing of NB-PDCCH and NB-PDSCH.
To ease the implementation, the TDMed NB-PDSCH for different coverage enhancement level UEs can be introduced [3]. In Fig.1, D1 and D3 are used for NB-PDSCH transmission for coverage enhanced UEs, while D2 are used for normal coverage UEs. 
3
Conclusion
In this contribution, we have the following proposals for multiplexing of NB-PDCCH and NB-PDCCH, NB-PDCCH and NB-PDSCH,
Proposal 1: The NB-PDCCHs for different coverage enhancement level UEs are TDMed in different set of subframes.
Proposal 2: Different NB-PDCCHs in the same configured NB-PDCCH PRB set are multiplexed in terms of aggregated CCEs.
Proposal 3: NB-PDCCH and NB-PDSCH are multiplexed using TDM. NB-PDSCH always use 12REs allocation in frequency domain.
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