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1. Introduction

In RAN#65, a WI on a new UE for MTC operation [1] has been approved. According to the WID, three aspects for a new MTC UE are specified, a new low complexity UE category/type, coverage enhancement for a new UE category/type and other delay-tolerant MTC UEs, and power consumption reduction for the UE category/type. In RAN1#79, the following agreement is made to define bandwidth for downlink and uplink transmission/reception [2].
	Agreement:
· Support narrow bandwidth operations of 6 RBs in both RF and baseband with possible retuning to another narrowband region (within the cell system bandwidth) for communications.
· Send LS to RAN4 regarding retuning time
· There were two companies in RAN1 considering an implementation composed of wideband RF and narrowband baseband

· In the discussion of retuning time and multiplexing of UE, RAN4 should also discuss how to handle DC subcarrier,  duplex distance for FDD, and channel raster within each link
Agreements:
· The coverage enhancement targets for non Rel-13 low complexity UE are:

· For FDD, the target MCL is 155.7 dB.

· For TDD, the target MCL is 155.7 dB [for UL-DL configuration 1].

· RAN1 has discussed the coverage enhancement targets for Rel-13 low complexity UEs and agreed to target the same MCL as for other UEs.

· This means that some channel(s) may need to be enhanced more than 15 dB.

· The target is set under the assumption that this doesn’t require significant additional work compared to targeting only up to 15 dB.

· The above targets are assuming that the maximum UE transmission power P [dBm] of the new UE power class is ≥20 dBm.

· Working assumption: If RAN4 agrees that P < 20 dBm, the target uplink MCL for the new UE power class is reduced correspondingly to 155.7 - (20 - P) dB.

· When applicable, the MCL targets are valid under the assumptions in TR 36.888 subclauses 5.2 and 5.2.1.2

· The reference system has 10 MHz system bandwidth and no power boosting
Agreements:
· RAN1 confirms that following PRACH related agreements in Rel-12 LC-MTC are applied for Rel-13 low-complexity UE

· For PRACH multiplexing scheme, CDM, and/or TDM and/or FDM are supported
· After the initial random access procedure, for a physical channel using repetition, the repetition level is up to network
· Multiple PRACH repetition levels are supported
· Repeating the existing preamble formats for PRACH enhancement 
· In addition, define additional time/freq. resource region(s) separate for “enhanced coverage” UEs.
· Within new region, at least CDM is allowed.
· Specified maximum numbers of levels: Working assumption of 3 (this does not include “zero coverage extension”). More evidence needed if we were to extend this. 
· eNB-configurable number of levels (1, 2, 3) up to specified max level.
· 1 attempt = configured number of repetitions.


In this contribution, we discuss technical issues related to measurement such as RRM and RLM for a low complexity UE, particularly focused on coverage enhancement mode. Furthermore, we also briefly discuss the issues related to configuration of coverage enhancement level for downlink and uplink transmissions. 
2. Discussions on RRM
As agreed in RAN1#79, frequency retuning to a different narrowband region may be considered. As shown in our companion contribution on PUSCH [3], frequency or subband hopping across subframes within a bundle (repetition) shows considerable performance gains from frequency diversity. Thus, at least for coverage enhancement mode, it may be assumed that subband hopping across subframe is used. Even without coverage enhancement mode, to allow FDM among low complexity UEs, a low complexity UE may be configured with a narrowband region for unicast transmission which may be different from the center 6PRB. Moreover, the narrowband region for unicast can be different from a narrowband region where cell-broadcast channel such as SIB may be transmitted. Therefore, a low complexity UE even without CE may still need to switch narrowband region across subframes (e.g., between unicast and broadcast narrowband regions). 

Though the requirement on RRM measurement may be relaxed to reduce power consumption, it is expected that a low complexity UE would perform RRM measurement at least on the serving cell. In RRM measurement, the impact of narrowband region switching across subframes and some other aspects such as power boosting should be addressed. 

· RSRP: as long as the power on CRS is the constant across the entire system bandwidth, RSRP measurement can be performed in a narrowband region which the UE is currently monitoring at the measurement instance. If no specific narrowband region is configured to monitor at a given time, the UE may monitor the narrowband region where cell broadcast such as PBCH or SIB is transmitted.
· RSRQ: since the interference level can be different in different narrowband region, RSRQ measurement becomes a bit more complicated. One possible approach is to disable RSRQ for the UE performing narrowband hopping. Another possible approach is to consider a fixed subband location for RSRQ measurement such that a UE may retune to the fixed narrowband region for RSRQ measurement. Since a UE may not be able to receive data transmitted in a different narrowband region at the measurement instance, to allow this, a measurement gap may be needed. In other words, measurement on serving cell frequency can be treated as if inter-frequency measurement. 
Proposal 1. Clarification and enhancements of RRM measurements in consideration of subband hopping are needed for low complexity UEs. 

3. Discussions on RLM
Currently, a UE is required to perform RLM at least once in every radioframe if it is not configured with DRX. In-sync and out-sync are currently measured based on hypothetical PDCCH reception. Since a low complexity UE would not receive legacy PDCCH, RLM may need to be tailored based on MTC control channel. As mentioned in our previous contribution [4], we consider that EPDCCH can be basis for MTC control channel, and we prefer to reuse EPDCCH design as much as possible. In that regards, RLM based on EPDCCH can be considered for a low complexity UE. Moreover, when coverage enhancement mode is used, in most cases, MTC control channel will be repeated over multiple subframes as well. In that case, how to perform RLM needs further clarification. In general, to determine in-sync or out-sync, the UE should be able to perform measurement based on MTC control channel with repetition if coverage enhancement is configured. In terms of repetition level used in RLM measurement, some alternatives can be considered.
· RLM measurement based on the configured repetition level for MTC control channel: a UE may assume MTC control channel is repeated per the configuration and uses the configured repetition number for RLM measurement as well. With this approach, a UE may trigger out-sync even in case lower number of repetition is configured to MTC control channel than the desired, which may be adjusted by reconfiguration of repetition level.
· RLM measurement based on the maximum repetition level for MTC control channel: regardless of configured repetition level, a UE may perform RLM on the maximum repetition level that the network supports. With this approach, RLM report may not reflect actual performance of MTC control channel reception. 
· RLM measurement based on both configured and maximum repetition level for MTC control channel: a UE can perform measurement for both repetition levels. In such a case, the trigger condition of out-sync can be further investigated.
Proposal 2. RLM for a low complexity UE can be based on EPDCCH.

Proposal 3. Clarification of RLM measurement for UEs in coverage enhancement mode needs further investigations. 
4. Configuration of CE level
In RAN1#79, it was agreed that the repetition level is up to the network after the initial random access procedure. Since there are UEs requiring different repetition levels in the network, similar to PRACH, multiple repetition levels would be needed for other channels as well. Thus, overall, how to configure repetition level and how to multiplex different repetition levels need to be clarified. 

In terms of repetition level, from a UE perspective, at least the following individual repetition level can be considered. 

· Repetition level for cell-broadcast such as SIB
· Since cell-broadcast should target the maximum coverage enhancement level that the network intends to support, the repetition level of cell-broadcast is aligned with the maximum coverage enhancement level that the serving cell supports. 
· Repetition level for unicast transmission (possibly including paging)

· Separation between UL and DL: depending on whether transmission power reduction is applied or not, or depending on FDD or TDD, repetition level for UL and DL can be different.

· Repetition level for paging: when a UE is in RRC_IDLE mode, whether repetition level configured for unicast transmission can be used for paging transmission needs further investigation. Considering that the required repetition level may change due to channel environment change even though a UE is not moving, independent repetition level for paging from the repetition level of unicast should be further considered.

During the RACH procedure, the repetition level of each transmission can be determined as below.
· Repetition level of PRACH: as mentioned in our companion contribution [5], initial repetition level of PRACH can be determined based on UE measurement on coverage enhancement level. It is expected that the network can differentiate PRACH transmissions with different repetition levels. 

· RAR: if the repetition level of DL and UL are different, the repetition level of RAR may be based on the maximum repetition level of the serving cell. Another approach is to map the repetition level of PRACH to the repetition level of RAR. In either approach, a UE should be indicated with the repetition level of RAR in advance.
· Msg 3: RAR may carry repetition level for Msg3. This information can be used for repetition level for unicast transmission afterwards. Alternatively, the same repetition level of the most recent PRACH transmission can be used for Msg 3.

· Msg 4: the repetition level of Msg 4 may be signalled by RAR. Alternatively, repetition level of Msg 4 may be determined based on the repetition level of Msg 3 or be the same as the repetition level of Msg 2. 

The repetition level(s) of unicast transmission needs to be determined explicitly. One approach to determine repetition level is via RACH procedure, for example, repetition level carried in RAR is used for unicast transmission. In this case, to reconfigure repetition level, a UE may need to re-start RACH procedure. Another approach is to consider employing RRC configuration to configure repetition level. If the latter approach is used, the repetition level of RRC message needs to be fixed. Thus, separation between RRC message and other unicast message would be needed. One example of separating RRC message from other unicast message is to introduce common-search-space where RRC message can be transmitted/scheduled via CSS. 

Proposal 4. Coverage level of unicast transmission can be configured via RACH procedure and/or RRC configuration

Proposal 5. RRC message can be scheduled via CSS. 
5. Conclusions

In this paper, we discussed issues on RRM/RLM measurement and also coverage enhancement level configurations. The followings capture our proposals. 
Proposal 1. Clarification and enhancements of RRM measurements in consideration of subband hopping are needed for low complexity UEs. 

Proposal 2. RLM for a low complexity UE can be based on EPDCCH.

Proposal 3. Clarification of RLM measurement for UEs in coverage enhancement mode needs further investigations. 

Proposal 4. Coverage level of unicast transmission can be configured via RACH procedure and/or RRC configuration

Proposal 5. RRC message can be scheduled via CSS. 
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