3GPP TSG RAN WG4 Meeting #78bis
       R4-162565
San Jose del Cabo, 11 - 15 April, 2016
Source: 
Ericsson
Title:
NB-IOT UE measurement capability 
Agenda Item:
6.13.5
Document for:
Discussion

1 Introduction
The legacy LTE UE supporting inter-frequency operation is required to monitor certain number of carriers, and RAN4 has specified requirements for that in section 4.2 of TS 36.133. Likewise, the NB-IOT UE is expected to support both intra-frequency and inter-frequency operation. Thus it is reasonable to study the measurement capability of NB-IOT UE and if necessary specify requirements for that. The NB-IOT UE measurement capability was brought up as one of the issue to be studied at last RAN4 meeting, and it was agreed in way forward document [1] as follows: 

	· RAN4 is to discuss at next meeting UE measurement capability, i.e. number of inter-frequency carriers for which RAN4 requirements are defined. 


In this contribution, we discuss and provide our view on this topic. 
2 Discussions 
The legacy LTE UE in RRC_IDLE state that supports E-UTRA measurements is required to monitor at least 8 carrier frequency layers. The set of layers include the serving layer and any combination of E-UTRA FDD, E-UTRA TDD, UTRA FDD, UTRA TDD, etc. Similar requirements exist for UE supporting E-UTRA measurements in RRC_IDLE state and increased UE carrier monitoring. In this case, the UE shall be capable of monitoring a total of at least 13 carrier frequency layers. The set of layers include the serving layer and any combination of E-UTRA FDD, E-UTRA TDD, UTRA FDD, UTRA TDD, etc.
Likewise, the measurement capability of NB-IOT UEs needs to be discussed and the requirements need to be specified in the specification.  This measurement capability requirement can be specified for two types of UEs.

1) UEs that are capable of only NB-IOT
2) UEs that are capable of both NB-IOT and LTE

It is expected the second type of UEs that support both NB-IOT and LTE may be quite common implementation in future. 
The rationale for specifying the measurement capability requirement and thereby limiting the minimum number of carriers the UE can monitor and perform measurement on are twofold. The first reason is that the UE has limited processing power that puts a restriction on minimum number of carriers that can be monitored. The processing power in the UE receiver will increase with the number of carriers to monitor. The second reason is the retuning. The UE has to retune from UE configured carrier/PRB where the UE is scheduled to another carrier/PRB where the UE has to measure on. This retuning will have some impact on e.g. on the scheduling opportunities. Particularly, the scheduling opportunities will decrease when the number of monitored carriers increases. In addition, the number of carriers to monitor will also have a significant impact on the UE power consumption which may be a critical factor for NB-IOT devices which are expected to have long batter life. 
2.1 Measurement capability of UEs that are capable of only NB-IOT
In the first UE type only NB-IOT capable UEs are considered. It is obvious that the minimum number of carriers for the UE to monitor have to be specified since the measurement capability is limited in the UE. The type of carriers to monitor can be divided into two types. The first type is the number of non-serving anchor carriers (L) that are within the LTE carrier bandwidth of the serving cell that the NB-IOT capable UE should be able to monitor. The second type of carriers is the number of carriers (M) that are not within the LTE carrier bandwidth of the serving cell that the NB-IOT capable UE should be able to monitor.  The total minimum number of carriers that the NB-IOT device should be able to monitor can be defined as K+1 including the serving carrier, wherein K<= L+N . Since the number of detectable carriers may vary depending on operational scenario, it is a reasonable assumption that the UE should be able to monitor non-serving carriers that are both within currently configured LTE bandwidth and outside said LTE bandwidth. Similar to legacy UE measurement capability requirement, we propose that UE should be capable to monitor at least:

-
3 NB-IOT carriers that are within LTE serving cell bandwidth, and

-
3 NB-IOT carriers that are not within LTE serving cell bandwidth
The carriers that are within the LTE serving cell can be considered as either intra-frequency carrier or inter-frequency carrier. Generally, the target carrier is said to be an intra-frequency carrier if the central PRBs are the same. Provided that this is the case, the UE can perform measurements without any interruptions on the serving cell. On the other hand, if the target carrier within the LTE serving bandwidth but having different allocations on the central PRB then the carrier is said to be an inter-frequency carrier. UE may need gaps to measure on this inter-frequency carrier. 
This is illustrated in Figure 1 where NB-IOT cell 1, 2 and 3 have central PRB allocation on the same location (f2) although they may be served by eNodeBs. Thus they are considered to be intra-frequency carriers from the measuring UE perspective. However, the NB-IOT cell 4 has a different central PRB allocation (f1), and thus NB-IOT cells 1-3 are all considered to be inter-frequency carriers/cells from this UE deployed on f2 perspective.  This means that in practice other NB-IOT PRBs that are within the same LTE serving bandwidth but having different central PRB allocation can still considered to be inter-frequency carriers. 
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Figure 1 Illustration of intra-frequency and inter-frequency carriers for NB-IOT

The procedure of an in-band NB-IOT UE measuring on NB-IOT PRBs that are within the LTE serving bandwidth but with different central PRB is not different from measuring on a NB-IOT guardband PRB or NB-IOT standalone PRB because both will require interruption. This means that the inter-frequency measurements may comprise other inband PRBs, guardband PRBs and standalone PRBs. 
Since increasing the number of carriers to monitor will have a negative impact on the UE power consumption and the complexity, a trade-off between the power consumption and measurement capability needs to be made since NB-IOT is expected to be low-cost. The total number of carriers to be monitor could be any combination of abovementioned carriers. The total number of carriers to be monitored can be specified as 7 including the serving carrier, i.e. assuming 3 intra-frequency and 3 inter-frequency carriers.  But the actual carriers that are monitored can be any combination of NB-IOT inband, guard-band or standalone PRBs. In many cases, the number of carriers to monitor will depend on the deployment type of the carriers to monitor as well as the deployment type of the serving cell. Therefore it is reasonable to require the UE to monitor certain number of carriers of each deployment type. Our view is that UE should be capable of monitoring at least [4] inband, [4] guardband, and [4] standalone PRBs while the minimum number of carriers including the serving cell is defined as 7. 
· Proposal #1: The minimum number of carriers to be monitored by the NB-IOT UE is defined as 7, including the serving carrier. The exact carriers monitored can be any combination of [4] inband- , [4] guardband- and [4] standalone PRBs. 
3 Summary 
In this contribution we discuss the measurement capability of NB-IOT UEs. We have provided discussion on intra-frequency and inter-frequency carrier definitions for NB-IOT. Based on the discussion above, we have made the following proposals:
· Proposal #1: The minimum number of carriers to be monitored by the NB-IOT UE is defined as 7, including the serving carrier. The exact carriers monitored can be any combination of [4] inband- , [4] guardband- and [4] standalone PRBs. 
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