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1. Introduction
This paper attempts to discuss how radio resources for NR measurements should be assigned in frequency domain by recalling the past experience in LTE.
2. Discussion
2.1. Experience learned from LTE
Since the first release of LTE (Rel-8), the centre 6 resource blocks (RBs) on the measured frequency carrier as the measurement bandwidth (BW) had been assumed for the minimum requirements of the cell search and measurements. Even though Cell-specific Reference Signals (CRSs) which can be utilised for measurements are spread out over the entire system BW, using the centre 6 RBs was quite rational for supporting multiple bandwidth with reduced power consumption and UE processing complexity. There had also been a signalling specified from Rel-8 to inform the UE of the allowed measurement BW called the AllowedMeasBandwidth IE. This IE can indicate a maximum common BW among the cells on a carrier frequency. 

With this narrow measurement BW, there was not an issue in the deployment scenario where both the serving and neighbour cells are operated by the same BW. However, a problematic scenario arose where the operating BW was different between the serving and neighbour cells as illustrated in Fig.1. Fig.1(a) shows a problematic scenario where the serving E-UTRAN cell operates 10 MHz channel BW and the neighbour cells operators 5 MHz in the same frequency band. In this scenario, the around centre of the serving cell with 10 MHz channel BW is subject to less interference from the neighbour cells with 5 MHz due to the relationship between the channel BW and the transmission BW defined in [1]. An another example is shown in Fig.1(b) whether the neighbour cells are 5 MHz UTRAN. 
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Serving: E-UTRAN 10 MHz,
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Serving: E-UTRAN 10 MHz,

       



Neighbours: E-UTRAN 5 MHz







     Neighbours: UTRAN 5 MHz

Fig.1
Problematic scenarios.

According to these scenarios, the identified issue is that the UE would misjudge the interference from neighbours with narrow measurement BWs. This could result in lower RSSI values due to the signal gap. Consequently, the UE considers RSRQ as high enough even though the actual interference is much higher and RSRQ should be low to trigger some actions (e.g., handover and cell reselection). The following consequences in both RRC_CONNECTED and RRC_IDLE can be considered:

· RRC_CONNECTED

· RSRQ can be used as triggering quantity for inter-frequency handover decision and RRC connection release with redirection towards another frequency/RAT. If RSRQ is measured higher than the actual value due to the signal gap of aggressor cells, event triggered reporting (e.g., Event A2/A3) would be delayed. This could result in delaying the handover or redirection decision and RLF in the worst case.

· RRC_IDLE

· RSRQ is used for Squal based cell reselection. If RSRQ is measured optimistic due to the interference gap, it would cause the delay for cell reselection. In the worst case, UE would miss paging and fail to establish emergency/high priority calls. Unnecessary ping-pong reselection would also be occurred. 

To overcome with these problems, RSRQ measurement with wider BWs than 6 RBs was introduced in Rel-11 [2]. The wideband RSRQ measurement is supported for both connected and idle mods.
2.2. Consideration of NR measurement resources
In NR era, the same issue explained in the previous section is foreseen if NR and LTE are served by the same carrier frequency as proposed in [3]. There is an on-going email discussion on the TSG-RAN reflector to develop the corresponding requirements for LTE/NR coexistence on the same carrier. Besides partitioning a spectrum between LTE and NR statically, dynamic spectrum partitioning is also considered [3]. 
To address the same issue for NR, one approach is to introduce wider bandwidth measurements. On the other hand, the wider bandwidth the UE performs measurements, the larger energy power the UE consumes. Given that the NR UE supports large system bandwidth, at least 80 MHz according to the RAN1 agreement at the #84bis meeting [4], wideband measurements would incur considerable power consumption for the UE. To mitigate the UE power consumption, the initial LTE approach to perform measurements on a small bandwidth is desirable.
In light of the LTE experience as well as the UE power consumption, another approach can be considered especially when a new RAT is introduced. One potential approach is that a part of frequency resources can be selected for measurements among the entire NR system bandwidth such that the interference from neighbour cells can be measured appropriately. For instance, in case of LTE, continuous 6 RBs for RSRQ/RS-SINR measurements are selected among the entire system bandwidth, e.g., 100 RBs (20 MHz). This approach should be supported for UEs in both connected and idle modes. Given that interworking between NR and the legacy RATs is aimed for only LTE so far, it should also be supported while the UE is camped on or connected to LTE and measures NR carriers. To enable this, not only for measurement configurations but also physical layer signalling for cell identification and measurements might be impacted. As such, if NR adopts this approach, both RAN1 and RAN2 should take it into account even in the study phase.
3. Summary and proposal
This paper discussed how radio resources for NR measurements should be assigned in frequency domain by recalling the past experience in LTE. In conclusion, the following is proposed.
Proposal 1:
NR should support a measurement configuration that a part of frequency resources for measurements can be selected among the entire NR system bandwidth so that the interference from neighbour cells can be measured appropriately.
Proposal 2:
This measurement configuration should be supported for all RRC states in which the UE can perform measurements on NR carrier(s) while the UE is camped in or connected to NR cell(s).

Proposal 3:
This measurement configuration should also be supported while the UE is in RRC_CONNECTED or RRC_IDLE on LTE cell(s) and performs measurements on NR carrier(s).
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