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1
Introduction
In Rel-15, further enhancement for NB-IoT work item (WI) [1] was approved and there is one item related to RAN3:

NB-IoT small cell support
· Specify necessary support for NB-IoT to be used in microcell, picocell, and femtocell deployments [RAN4, RAN2, RAN1].

· Appropriate eNB classes [RAN4]

· Support for closed subscriber group (CSG) functionality can be considered. [RAN2]

In this contribution, we would like to analysis the potential solution proposed by [2] [3] for decoupling DL-UL operation from RAN3 perspective.
2
Discussion
Deploying NB-IoT small cell to cover those NB-IoT UEs not able to connect to NB-IoT macro cell could satisfy 100% coverage service for NB-IoT. This is particularly beneficial for smart meters or smart parking sensors installed in basement or underground. However, due to the imbalance between UL and DL in small cell, the Maximum Coupling Loss (MCL) of 164 dB can no longer be met by the small cell. Thus, decoupling UL and DL allowing the NB-IoT UE to associate with the strongest cell (macro cell) for DL and with the least path loss cell (small cell) for UL is considered as one potential way forward. NB-IoT UE with tolerant delay traffic of up to 10 seconds latency [4] makes this solution practical since requirement for fast backhaul connectivity between small cell and macro is not necessary. However, UL/DL decoupling technique requires additional information exchanges as stated below [5]:
“To enable UL/DL decoupled operation either in a UE-transparent or non-transparent manner, macro serving cell and potential LPNs may need to exchange information for channel (e.g. RACH, PUSCH, SRS) configurations and to identify the suitable LPN.”
We have further analysis the information exchange required between small cell and macro cell for decoupling the UL/DL transmission. We have used the data transfer over NAS for NB-IoT UE as an example. As illustrated in Figure 1, the macro cell may need to signal the RACH configuration to a group of potential small cells for RACH detection. Random Access Response (RAR) reporting are signaled back by a group of small cells that able to detect the RAR from the NB-IoT UE to the macro cell. The macro cell may then decide a suitable small cell for UL operation. To complete the random access procedure, the MSG3 and MSG4 may need to tunnel back and forth between the small cell and the macro cell. Once the random access procedure is successfully performed, the NB-IoT UE can transfer data in NAS PDUs without establishing S1-U bearers. Again, the UL data and the DL data may need to send back and forth between the macro cell and the small cell. Thus, we can assume that additional seven X2 related messages need to be transferred between a macro cell and a small cell. 
For UL RACH detection by small cells, PRACH configuration IE available in the X2 SETUP REQUEST message [6] and the ENB CONFIGURATION UPDATE message can be reused by the macro cell. The PRACH configuration contains the RACH parameters that are used for the generation of random access preambles and indicating the position of PRACH resource. It is previously designed for operators to automatically exchanging PRACH information over X2 for self-organizing network (SON). RAR reporting and selection of small cell for UL operation are additional two elementary procedures that may need to be introduced in X2 application protocol. For the remaining MSG3 and MSG4 for random access procedure and RRC UL/DL MSG, forwarding mechanism using the X2 user plane protocol is sufficient or else a layer 2 tunnel can be setup to transfer the data.
Observation 1: Additional seven X2 related messages have to be transferred between a macro cell and a small cell for decoupling DL-UL operation for NB-IoT. 
Observation 2: PRACH configuration IE available in the X2 SETUP REQUEST message and the ENB CONFIGURATION UPDATE message can be reused by macro cell to signal a group of small cells for UL RACH detection. 
Proposal 1: Decoupling DL-UL operation for NB-IoT small cell is feasible from RAN3 perspective.
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Figure 1: Example of Information Exchange for Decoupling UL/DL Operation for NB-IoT Small Cell
Figure 2 further illustrates the small cells deployment in basement parking areas. The coverage of small cell is rather restricted due to its’ transmit power. At the same time, the number of supported NB-IoT UE per eNB for small cell is also restricted to perhaps 32 depending on its processing power. Thus, we anticipate that there would be more than 1 small cell to be deployed per floor. In such a case, the macro cell may need to signal the RACH configuration to a group of small cells to perform RACH detection. The technique for optimizing X2 related messages sent to a group of small cells for UL RACH detection should be implemented to avoid unnecessary signaling overhead and RACH processing. Due to the majority of NB-IoT UEs would have no/low mobility characteristic, utilizing the positioning technique to signal a group of small cells near to the NB-IoT UEs for RACH detection should be considered.
Proposal 2: Considering the number of small cells to be deployed for coverage enhancement and also no/low mobility of NB-IoT UEs, the X2 messages signalled to a group of small cells to perform RACH detection should be further optimized.
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Figure 2: Example of Small Cells Deployment for Basement Parking
3
Conclusions

In this contribution, we have used the data transfer over NAS for NB-IoT UE as an example to analysis the information exchanges required between a small cell and a macro cell for decoupling the UL/DL operation.

Observation 1: Additional seven X2 related messages have to be transferred between a macro cell and a small cell for decoupling DL-UL operation for NB-IoT. 

Observation 2: PRACH configuration IE available in the X2 SETUP REQUEST message and the ENB CONFIGURATION UPDATE message can be reused by macro cell to signal a group of small cells for UL RACH detection. 
Based on our analyses, we have summarized our proposals as follow: 

Proposal 1: Decoupling DL-UL operation for NB-IoT small cell is feasible from RAN3 perspective.

Proposal 2: Considering the number of small cells to be deployed for coverage enhancement and also no/low mobility of NB-IoT UEs, the X2 messages signalled to a group of small cells to perform RACH detection should be further optimized.
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