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Narrowband IoT specifies three different deployment modes:
· stand-alone,
· in-band in LTE cell, and
· guard-band to LTE cell.
In this contribution we analyze the deployment modes from an RRM testing perspective and propose to narrow down the options to in-band deployment.
RRM measurements and impact of deployment scenario
Different kinds of RRM measurements are carried out under different conditions. For instance, NRSRP measurements are carried out when synchronization has been achieved to the cell targeted for the measurements. Moreover, RLM is carried out while synchronized (or supposedly synchronized) to the serving cell. Both of those RRM activities are bases on NB-RS, whose positions are known and whose existence is guaranteed regardless of network deployment scenario. In contrast, cell identification based on detection of NPSS and NSSS is in general carried out before synchronization has been achieved, and moreover, in the case of in-band deployment scenario whereby the NB-IoT cell is deployed inside the DL system BW of an LTE cell, the NPSS and NSSS are punctured by the CRS pattern of the LTE cell.
The primary synchronization channel NPSS carries 11 REs in 11 OFDM symbols, amounting to 121 REs. In case of in-band deployment in an LTE cell that uses 4 TX ports, up to 16 out of those 121 REs are punctured and filled with potentially equally strong interference caused by the CRS. At an SNR of 0dB this leads to a loss in sensitivity of up to 1.2 dB compared to the stand-alone and guard-band deployment scenarios.
Observation 1: For in-band deployment the set of 121 REs carried by NPSS is punctured by up to 16 CRS, leading to a loss of sensitivity compared to stand-alone and guard-band deployments in NPSS detection. 
The secondary synchronization channel carries 12 REs in 11 OFDM symbols, amounting to 132 REs. Similar to the NPSS case in case of in-band deployment it gets punctured by 16 CRS when the LTE cell uses 4 TX ports. At an SNR of 0dB the loss of sensitivity due to puncturing becomes about 1dB.
Observation 2: For in-band deployment the set of 132 REs carried by NSSS is punctured by up to 16 CRS, leading to a loss of sensitivity compared to stand-alone and guard-band deployments in NSSS detection. 
When the SNR decreases, the loss of sensitivity due to the puncturing decreases too, to about 0.7 and 0.6dB respectively for NPSS and NSSS detection. In case of accumulation is employed this may lead to that about 15% more instances of signals need to be accumulated in order to achieve the same SINR in the accumulated signal for the in-band case as for the stand-alone and guard-band cases.
Since cell detection in the in-band case clearly is more challenging than for the other deployment scenarios, we propose that RRM tests are carried out based on the in-band scenario.
Proposal 1: In order to narrow down the testing efforts it is proposed to base RRM tests on the in-band deployment scenario, since a UE passing the test for this scenario will pass the tests for stand-alone and guard-band scenarios too.
Summary
In this contribution we have studied the impact of deployment scenario on the RRM measurements. Particularly it was found that it is cell detection that differs between the scenarios since when a NB-IoT cell is deployed in-band of an LTE cell, LTE CRS will puncture the NPSS and NSSS. The following observations were made:
Observation 1: For in-band deployment the set of 121 REs carried by NPSS is punctured by up to 16 CRS, leading to a loss of sensitivity compared to stand-alone and guard-band deployments in NPSS detection. 
Observation 2: For in-band deployment the set of 132 REs carried by NSSS is punctured by up to 16 CRS, leading to a loss of sensitivity compared to stand-alone and guard-band deployments in NSSS detection. 
The loss of sensitivity leads to a more challenging task for the UE, which may involve accumulation of more instances of signals in the in-band case compared to the other two cases. Hence, in order to reduce the test scope, we propose the following:
Proposal 1: In order to narrow down the testing efforts it is proposed to base RRM tests on the in-band deployment scenario, since a UE passing the test for this scenario will pass the tests for stand-alone and guard-band scenarios too.
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