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1 Introduction
In RAN4#83, there was discussion on intra/interfrequency measurements and the need for measurement gaps
2 Discussion

We think that it is important that RAN4 has a technical discussion on both RF and baseband reference architectures for measurement. The intention is not to constrain implementations to follow the reference architecture, but rather to allow a framework where standards discussions can meaningfully take place. Where flexibilities in reference architecture should be considered for the standards discussion, this can also be highlighted.
2.1 RF architecture
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Figure 1: DL RF architecture

Figure 1 shows a generic RF architecture. In the figure, hybrid beamforming is assumed such that analogue phase shifters and combiners are used to beamform groups of antenna elements (4 in the example). In future, fully digital beamforming may become practically feasible. RAN4#83 also agreed a way forward for 28GHz RF architecture for release 15.

	· In Rel-15 UE in the 28GHz mmWave range NR

· REFSENS requirement shall be based on DL MRC diversity (rank 1 with two receivers).

· FFS whether this apply to all directions.

· UE architecture shall support minimum dual layer (same as LTE rank 2) for demodulation performance requirement. 

· FFS whether this apply to all directions.

· RF architecture support for higher order DL layers is optional.


From an RRM perspective, the main important aspects

· The low pass filter prior to baseband determines the bandwidth that the UE is configured to receive (in conjunction with ADC sample rate, additional digital filtering in the baseband etc.)

· The LO determines the centre frequency that the UE is configured to receive.

· The phase shifter settings determine the direction the UE is configured to receive.
Changing any of these settings may have impact to reception of the serving cell. In the case of opening the receiver to a wider bandwidth. The impact may be either transient, or continue until the RF receiver is reconfigured back to its former settings.

2.2 Baseband architecture
Next we consider a possible simplified baseband reference architecture from an RRM measurement perspective:











Figure 2: Simplified DL BB architecture

The simplified architecture is like that which may be used for LTE measurements, with one important difference. This is the inclusion of a digital frequency shift prior to the searcher. While the architecture needs further discussion in RAN4, we believe that frequency shifting (or equivalent functionality) will be necessary because in NR the SS burst and CSI-RS reference symbols are not always located in central resource blocks relative to the baseband signal that the UE is receiving.
Having shifted the signal, it is low pass filtered by filter bank f2, which allows the time domain signal to be decimated. This allows the use of a smaller iFFT (e.g. 128 point for SS burst, or depending on measurement bandwidth for CSI-RS) for cell search and measurement of neighbour cells. Optionally, the samples may be stored in searcher RAM to allow for later offline processing of cell search and measurement, which may greatly reduce the number of iFFT which would otherwise would be performed in parallel. The purpose of low pass filtering and decimating is two-fold. Firstly, it reduces the size of the searcher RAM (e.g. it would not be practical to store samples related to 100MHz bandwidth for a significant period such as 5ms for offline searches for SS bursts). Secondly, it allows smaller iFFT size to be used for neighbour cell measurements, since the UE would need to track and perform FFT for every asynchronous neighbour cell timing to be able to extract SS block symbols or CSI-RS symbols.
In figure 2, one instance of each hardware block has been shown as this is a simplified architectural view. However, in the digital signal processing any block may be duplicated, and/or inputs to other blocks may be multiplexed. For example, if there are 2 pairs of I,Q ADCs (corresponding to main and diversity antenna/antenna array), then the searcher hardware may be duplicated completely, or there can be a single searcher which can be multiplexed to either of the ADC pairs, or the split could be made at any other point. There could be two (or more) digital frequency shifter blocks, f2 decimators and so on, which would allow the UE to make simultaneous measurements at two or more different SS burst frequency offsets simultaneously. The dimensioning of baseband has a strong impact on the achievable measurement performance but does not typically impact the basic capability to perform measurements e.g. without gaps, since less capable hardware can perform operations in a sequential manner, although this will result in taking more time.
2.3 Considerations on measurement gaps

There are several scenarios where measurement gaps may be needed, or impact to serving cell reception may occur. Measurement resources may refer to an SS burst or a CSI-RS instance
Case 1: The measurement resources are not completely available within the currently received bandwidth of the UE. There can be two sub-cases


Case 1a: The UE bandwidth can be increased to include the measurement resources without retuning the LO


Case 1b : The UE LO needs to be retuned to accommodate the measurement resources

Case 2: The target measurement direction is in a different direction from the currently received cell

Case 3: A received chain needs to be started / stopped (possible interruption impact)
This is not intended to be an exhaustive list of scenarios where RF and baseband architecture. The cases should be considered separately, at least in the first instance, because the needed interruption/gap may be different for different cases. In addition, the cases may be further divided into different sub-cases.
Proposal 1 : RAN4 discusses aspects of UE reference architecture (RF and BB) for measurements and identifies factors which are relevant for the RRM requirements such as cases where measurement gaps are needed, capability to measure multiple cells (on one frequency) in parallel, etc
3 Conclusions

In this contribution we discuss RF and baseband architectural aspects, particularly those which may be relevant for whether measurement gaps are needed. We propose
Proposal 1 : RAN4 discusses aspects of UE reference architecture (RF and BB) for measurements and identifies factors which are relevant for the RRM requirements such as cases where measurement gaps are needed, capability to measure multiple cells in parallel, etc
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