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Introduction
For in-band operation, NB-IoT UE may need to be signaled with some parameters of host LTE cell to work properly. (“host LTE cell” is meant in this contribution as an LTE cell providing an NB-IoT cell with its RB for in-band operation, for convenience)

In NB-IoT AH meeting, the following agreements were made [1]:
Agreements:
· In FDD mode, NB-PBCH is transmitted in subframe 0 in every radio frame
· In FDD mode, NB-PBCH does not use the first 3 symbols in a subframe at least in in-band operation
· For stand-alone and guard band operations, in the subframe transmitted NB-PBCH, the first 3 symbols contains no NB-PBCH
· NB-PBCH is rate matched around 4 port LTE CRS location based on PCID from NB-SSS
· It is not precluded the PCID from NB-SSS is different from the LTE PCID
· Note that the PCID from NB-SSS and the LTE PCID indicate the same LTE CRS position
· The time interval where MIB remains unchanged is 640 ms
· NB-PBCH consists of 8 independently decodable blocks of 80 ms duration

According to this agreement, UE may derive frequency shift of LTE CRS from NB-PCI. Therefore, it is not necessary to signal explicitly.

In this contribution, some parameters of LTE cell other than above is discussed which would be needed to be signaled to NB-IoT UE to work properly in in-band operation.
Discussion
In this contribution, the following are assumed:
· services on host LTE cell will not be disturbed by in-band operation of NB-IoT cell(s)
· CP length of NB-IoT cell and host LTE cell is the same and it is unnecessary to acquire CP length of host LTE cell separately
· frame timing and SFN is aligned between host LTE cell and NB-IoT
LTE CRS
For in-band operation, NB-IoT UE needs to know the position of REs of LTE CRS at least for rate matching of NB-PBCH, NB-PDSCH and NB-PDCCH around LTE CRS. For NB-PBCH, only frequency shift of LTE CRS is needed because four LTE CRS ports are always assumed for rate matching. And it was agreed that frequency shift of LTE CRS can be derived from PCI of NB-IoT cell.
For NB-PDSCH and NB-PDCCH, the number of LTE CRS ports ∊ {1, 2, 4} would also need to be signaled to the NB-IOT UE for rate matching. If four LTE CRS ports would always be assumed, ten or four REs per PRB pair would be wasted for the case of one or two LTE CRS ports, respectively.
In case of LTE, the number of LTE CRS ports is not explicitly signaled by MIB but signaled as CRC mask of PBCH. For NB-IoT, the number of LTE CRS ports can be conveyed by NB-PBCH, either explicitly in NB-MIB or implicitly as CRC mask of NB-PBCH similar to LTE. Among these two alternatives, explicit signaling in NB-MIB would be preferable to avoid blind detection of NB-PBCH by NB-IoT UE. Implicit signaling could be considered if it would be required to reduce size of NB-MIB.

[image: ]
Figure 1: CRS REs

MBSFN subframes of LTE cell
MBSFN subframes may be configured to host LTE cell to which NB-IoT cell is also configured in-band. Co-existence of in-band operation of NB-IoT and MBSFN subframe should be considered. 
MBSFN subframes configured to LTE cell may be assigned for MBMS services or other purposes. In MBSFN subframes assigned for MBMS, PMCH may be scheduled and occupy the whole LTE system BW. MBSFN subframes not used for PMCH transmission may be used for e.g. LTE PDSCH transmission.
For in-band operation of NB-IoT, PMCH would also be transmitted over NB-IoT carrier in MBSFN subframes of host LTE cell as shown in Figure 2. NB-IoT cell would not be able to transmit any signals / channels in MBSFN subframes where PMCH is transmitted. 
Therefore, MBSFN subframe configuration of host LTE cell should be signalled to the NB-IoT UE so that NB-IOT UE could behave properly in MBSFN subframes, e.g. to skip receiving NB-IoT signals / channels, accumulation of repetitions, etc. If NB-IoT UE would utilise LTE CRS for some purposes, NB-IoT UE needs to change assumption on LTE CRS pattern in MBSFN subframes as shown in Figure 1.
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Figure 2: MBSFN subframe of LTE cell may be used for PMCH transmission
It would be unclear whether NB-IoT Cell may utilize MBSFN subframes for NB-PDSCH/PDCCH transmissions. If NB-IoT cell would never utilize MBSFN subframes, LTE cell may fully utilize MBSFN subframes irrespective of presence of NB-IoT cell (Figure 3 (b)). Otherwise, RBs assigned for NB-IoT should be reserved in MBSFN subframes in LTE cell (Figure 3 (a)).
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Figure 3: LTE-PDSCH mapping in MBSFN subframes of host LTE cell

Summary
In this contribution, we discussed necessity of signalling the following parameters of the host LTE cell to NB-IoT UE:
· number of LTE CRS ports
· MBSFN subframe configuration
According to the discussion, we recommend to signal these parameters to NB-IoT UE.
[bookmark: _GoBack]And we also recommend discussing whether it is supported to transmit NB-PDSCH/NB-PDCCH in MBSFN subframes.
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b) MBSFN subframe Control region 
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