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1 Introduction

In the WI of further NB-IoT enhancement (RP-171428), the following optimization objective is given:

	A-4. 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 previous meetings, some contributions are submitted for this topic but there has little discussion in RAN2 and no agreements on it. 
In RAN1, there had some discussion and the following agreements are made.

	In RAN1#89 meeting, RAN1 had the following agreement that 

· The number of repetitions in the DL and UL for small cells is not increased

· NOTE: This may imply a reduction in MCL for small cells compared to wide area basestations.

· Inform RAN4 

· FFS other aspects of small cells to identify possible RAN1 impacts. 

In RAN1 #92 , the following agreement was reached:

· FFS the needs of UL power control enhancement in NB-IoT small cell.

· RAN1 does not further study the following topics in NB-IoT small cell in Rel-15

· UL/DL decoupling

· Cell range expansion techniques with NB-IoT small cell


In this paper, we will provide our considerations for supporting small cell deployment in NB-IoT and give our proposals.

2 Discussion

In legacy LTE, supporting small cell is to increase system capacity in HetNets. A dual connection architecture (DC) is used for small cell. For user plane option 1A, secondary eNB (SeNB) and master eNB (MeNB) share a common S1 interface     towards the core network. The data bearer is split into two parts in CN and then transmitted through SeNB and MeNB to UE. For user plane option 3C, only MeNB has a S1 interface towards the CN. The user plane data from CN is firstly transferred to MeNB and then a split data bearer is transferred to SeNB through X2 interface. Both SeNB and MeNB have independent MAC entities and physical layer processing. 

Considering that UE capability is limited and high throughput isn’t critical for NB-IoT, it’s not so necessary to support DC architecture for small cell in NB-IoT. With the requirement for power saving and the restriction on uplink transmitting power for NB-IoT UE, the main intention of supporting small cell would be to expand the coverage for NB-IoT UE. After the uplink is improved, the random access or service transmission failures can be reduced, then the UE power consumption is further reduced.
In [1], Telekom R&D also mentioned Telekom Malaysia have faced the coverage issue for the basement multi-level smart parking system using NB-IoT macro-cell and also faced the capacity issue due to the massive number of parking sensors. If the guard band operation mode for 5MHz is used, the extended coverage of 164dB MCL may be no longer achievable since no +6dB minimum power boosting. So Telekom R&D concludes that it is easier to scale the capacity and coverage of NB-IoT network using small cell technology.

Observation 1: Considering that UE capability is limited and high throughput isn’t critical for NB-IoT, it’s not so necessary to support DC architecture for small cell in NB-IoT. The main intention of supporting small cell would be to expand the coverage and to scale the capacity for NB-IoT.

Based on the above considerations, the most important thing would be to support R15 NB-IoT UE to access small cells, and to ensure that small cell resources are utilized as much as possible, especially in the scenario that the uplink coverage of macro cell is poor.

Figure 1 gives a general option for small cell deployment. There are several small cells in the coverage of macro cell. Each small cell has its own S1 interface connected with core network. The small cell has independent protocol stack and complete cell functions. The small cell can be configured with the same way as that for R14 NB-IoT cell, e.g., to be configured with one anchor PRB and multiple non-anchor PRBs. Based on certain rules, the UE may arbitrarily choose a small cell or a macro cell to camp on, receive system information and initiate random access procedure.
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Figure 1:  Option 1

In this option 1, the UE would perform measurement, cell selection or cell re-selection among all the nearby macro cells and small cells. 

As we all know, after the small cells are deployed, it’s expected that the nearby UE would try to use the small cells. However, from a UE perspective, the downlink of small cell is usually worse than that of nearby macro cell. And at the same time, it’s very possible that the uplink of small cell is better than that of macro cell. Then it may be hard for the UE to choose a small cell for camping on if only RSRP measurement results are considered. 
In [2], several issues of supporting small cell in NB-IoT are discussed. For the small cell reselection issue, it mentions that a cell specific offset can be used to bias the UE towards the small cells. Such option could be work in the scenario of small cell deployment with higher offset for small cell. Similarly, another option could be to configure different cell selection/reselection thresholds for macro cell and small cell separately. However, both of these two options don’t consider the real UE’s location or measurement results for radio conditions. The small cells with higher offset/lower selection threshold may not be the most suitable cells for the UEs. So we still suggest the following measurement-based alternatives for optimized small cell selection/reselection:

· Alt1: The UE would further calculate the path loss value based on the measured RSRP for each cell. Then the UE perform cell selection based on the path loss value. 
· Alt2: The UE would perform cell selection with consideration on both measured RSRP and calculated path loss value. For example, only if the UE could be in normal coverage in a cell, e.g., the measured RSRP is higher than the threshold of normal coverage, the UE would further calculate using the path loss value. 
With the consideration for path loss, we think the UE will select a small cell with higher possibility. After the UE has selected a suitable cell (a macro cell or a small cell) to camp on, the UE will perform system information acquisition, page monitoring, random access procedure and data transmission with the existing mechanism for NB-IoT.

Proposal 1: The path loss can be considered for cell selection/reselection in the small cell deployment scenario.
In [2], it also mentions there has UL/DL coverage imbalance in the small cell since the BS power is lower than for a macro node while the maximum UE transmit power is unchanged. The issue can be handled by the network by reducing the maximum UE transmit power and by adjusting the number of repetitions in UL. Here both UE’s DL and UL are associated with small cell and the UL is reduced to adapt to the weak DL. As mentioned in [4], this may cause that the required link budget is reduced for all the channels. So we agree more efficient decoupling DL-UL operation in small cell deployment should be considered.

Figure 2 gives an option for decoupling DL-UL operation in small cell deployment with reference to the dedicated non-anchor PRB operation in R13 NB-IoT. The macro cell and the small cell have the same cell identity. The small cell could be also configured with non-anchor PRB. The interface exists between macro cell and small cell for exchanging necessary information (e.g., X2-like interface). 
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Figure 2: Option 2
The UE would camp on the macro cell for monitoring paging and initiating random access procedure. In order try to make full use of the resources of small cell, the macro cell could reconfigure the UE to the small cell during or after the random access procedure (e.g. through Msg4). Such process is similar as that the R13 NB-IoT eNB reconfigures the UE to a dedicated anchor/non-anchor PRB (a PRB different from the preamble PRB) through Msg4.  Different from that the anchor PRB and non-anchor PRB have same coverage in R13 NB-IoT, here small cell/non-anchor PRB usually has different coverage from that of macro cell/anchor PRB. Before the reconfiguration, the macro cell should get some information about whether the coverage, especially the uplink coverage of a small cell is good enough for the UE. If the macro cell can get such information, it can reconfigure the UE to select the suitable small cell for subsequent data transmission. Considering that the downlink radio of macro cell is usually better than small cell, the macro cell may only reconfigure UE’s uplink transmission to the small cell.

An optional way for the macro cell to know whether the coverage of a small cell is good enough could be considered. That is, through the X2-like interface, the small cell can get the PRACH resources configuration of the macro cell and try to receive the preamble transmission. Then the small cell can deliver the results of preamble reception to the macro cell.

With the above way, the UE can make use of the resources of small cell for data transmission and the specification impacts for the UE can be minimized. The requirements for the network would be to introduce a new X2-like interface for exchanging PRACH configuration, results of preamble reception and transferring the data.

Proposal 2: The decoupling DL-UL operation in small cell deployment with reference to the dedicated non-anchor PRB operation in R13 NB-IoT can be considered.
Figure 3 gives another option for decoupling DL-UL operation in small cell deployment with reference to the paging/PRACH non-anchor PRB operation in R14 NB-IoT. The macro cell is configure with anchor PRB and can be seen as anchor cell. The small cell is configured with non-anchor PRB and can be seen as non-anchor cell. Only anchor cell has S1 interface connected with core network. The X2 interface exists between anchor cell and non-anchor cell.
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Figure 3: Option 3
#Issue 1: system information acquisition
In this option, the non-anchor cell has no MIB/SIB. The anchor cell broadcasts the neighbor anchor cell list and the corresponding cell selection/reselection related information. Each item in the neighbor anchor cell list also contains a non- anchor cell list for including all the non-anchor cells under the coverage of this anchor cell. The frequency information, the configuration of NRS, the power of NRS, CEL threshold corresponding to the non-anchor cells may be included.

#Issue 2: measurement & cell selection and cell re-selection

The UE will select an anchor cell to camp on based the existing cell selection mechanism for NB-IoT.

#Issue 3: PRACH and paging

In R14 NB-IoT, when the UE camps on an anchor cell, the UE could initial random access procedure either on anchor PRB or non-anchor PRB.

In this option 3, when the UE needs to initiate the random access procedure, the UE could select one of the cells either from the anchor cell or all other neighbor non-anchor cells in order to find the most suitable cell for random access. This process looks like non-anchor PRB PRACH in R14 NB-IoT. But in R14 NB-IoT, the anchor and non-anchor PRBs are in same cell and have same coverage, the UE could randomly select one among them. In this small cell deployment scenario, since the coverage of small cell and macro cell are usually different, the UE should perform measurement for non-anchor cells before it performs PRB selection for PRACH. We assume that both anchor and non-anchor cells have NRS signal transmission, then measurement can be done on both anchor and non-anchor cells. After measurement, the PRB selection for PRACH among anchor cell and non-anchor cells can refer to proposal 1.

After a cell has been determined, the UE could further select PRACH resource (PRB, subcarriers and time resource) based on existing mechanism in R14 NB-IoT.

In paging non-anchor PRB operation in R14 NB-IoT, UE can choose to monitor paging on anchor macro cell or non-anchor macro cell. Considering the downlink quality of macro cell is usually better and the network cannot exactly know which cell the UE is located, the UE should not monitor paging on non-anchor small cell.
#Issue 4: dedicated PRB
After random access, the network can reconfigure dedicated UL and/or DL non-anchor PRB (cells) for the UE, which can also refer to the dedicated non-anchor PRB operation in R13/R14 NB-IoT.
Proposal 3: The decoupling DL-UL operation in small cell deployment with reference to the paging/PRACH non-anchor PRB operation in R14 NB-IoT can be considered.
With the consideration of not supporting DC, we give the above three operation options for supporting small cell in NB-IoT. All of them can facilitate the UE to make use of the deployed small cells. Among them, option 1 has less interaction between macro cell and small cell but requires full function of small cell. In option 2 and option 3, macro cell and small cell have more interactions and the function of small cell can be simplified. Option 2 seems to have minimized impacts on UE while more requirements are for the X2 interface between macro cell and small cell. Option 3 has more impacts on UE while the X2 interface seems to have not many changes.
In [1], Telekom R&D think the option 1 of full functional small cell should be de-prioritized and only to be deployed at cell-edge area to reduce the network complexity and cost of NB-IoT deployment. The option 3 is feasible but there may exist the issue of excessive UE measurement and subsequently increasing the energy consumption of NB-IoT UE. Then Telekom R&D think the option 2 with reconfiguring the UE’s UL transmission to the small cell during or after the random access procedure has benefit and can be preferred. And a more preferable approach is to do reconfiguration during random access procedure and not through MSG4, e.g., before Msg3 since UL data transmission may occur as early as MSG3 in EDT. 
For option 2, we think Telekom R&D’s analysis is reasonable. And the proposed mechanism in option 2 already makes it feasible for the small cells to detect UE’s Msg1 (preamble) and give feedback to macro cell before the macro cell sends RAR to the UE. One additional need is to introduce redirection-like scheme through RAR. However, we want to mention that reconfiguration through Msg4 may be more simple since it can refer to the multi-PRB reconfiguration scheme. While for reconfiguration through Msg2, delay on RAR reception need to be considered although it may be not so critical for NB-IoT.
Both option 2 and option 3 may have impacts on RAN2 and also RAN1 or RAN3 specifications. However, in RAN1 #92, RAN1 has agreed not to further study the UL/DL decoupling topics in NB-IoT small cell in Rel-15. Then it’s hard for RAN2 to make progress on supporting small cell, especially on supporting decoupling DL-UL operation in the remaining two meetings. Since there already have some contributions in RAN1/RAN2/RAN3 [3][4] to discuss supporting decoupling DL-UL operation for small cell, we suggest to pend and resume the discussion in R16 NB-IoT work item.
Proposal 4: It is suggested to pend and resume the discussion on supporting decoupling DL-UL operation for small cell in R16 NB-IoT work item.

3 Conclusion

Based on the analysis in this paper, we have the following observations and proposals:

Observation 1: Considering that UE capability is limited and high throughput isn’t critical for NB-IoT, it’s not so necessary to support DC architecture for small cell in NB-IoT. The main intention of supporting small cell would be to expand the coverage and to scale the capacity for NB-IoT.
Proposal 1: The path loss can be considered for cell selection/reselection in the small cell deployment scenario.
Proposal 2: The decoupling DL-UL operation in small cell deployment with reference to the dedicated non-anchor PRB operation in R13 NB-IoT can be considered.
Proposal 3: The decoupling DL-UL operation in small cell deployment with reference to the paging/PRACH non-anchor PRB operation in R14 NB-IoT can be considered.
Proposal 4: It is suggested to pend and resume the discussion on supporting decoupling DL-UL operation for small cell in R16 NB-IoT work item.
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