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1 Introduction
For NR RRM it will be necessary to define interruption requirements for both NSA and SA operation. In this contribution, we discuss UE architectural aspects and review some of the scenarios for which interruptions have been allowed in the past, and discuss additional scenarios arising in NR.
2 Discussion

We begin by reviewing some scenarios where interruptions have been allowed previously. 
2.1 Review of interruption scenarios in LTE

1) CGI reading

CGI reading was originally introduced in 3GPP specifications for SON ANR purposes so that neighbour relations could be established by an eNB with additional cells. For this purpose, it was assumed that UE baseband cannot simultaneously decode PDCCH/PDSCH of the serving cell and MIB/SIB1 (CGI) of a neighbour cell. Moreover, RF retuning may be needed to decode interfrequency CGI. It was assumed that such decoding could be performed in any naturally occurring DRX so there was no need for interruptions.  Later, mobility to closed subscriber group (CSG) cells was specified. Since this is more time critical than SON ANR, a new mechanism based on UE autonomous interruptions was introduced.

2) Intraband carrier aggregation

The next interruption scenario which was discussed in LTE was for SCell activation/deactivation with intraband carrier aggregation. To allow 2x20MHz to be received with a single 40MHz RF chain, the UE RF bandwidth may be switched to 40MHz, and the centre frequency retuned, which interrupts the ongoing reception activities of the RF chain. As well as transients associated with analogue filter switching and local oscillator retuning the AGC setting needs to be updated. In LTE, this leads to a relatively long interruption (5ms) partly due to the assumed availability of CRS symbols for AGC settling in case MBSFN subframes are used.
It was also recognised that deactivated SCC measurements need to be performed when SCells are configured but deactivated. To allow the UE to make such measurements, interruptions may be allowed. Since the exact timing of the UE deactivated SCell measurement was unknown, there was extensive discussion about the circumstances in which interruptions are allowed and the level of impact when they are allowed. A further enhancement in release 14 is the introduction of NCSG measurement gap patterns which mean that deactivated SCell measurements can be performed using a measurement gap pattern (known to both eNB and UE) rather than fully autonomously from UE perspective.

3) Interband carrier aggregation

Initially, RAN4 assumed that separate RF chains on separate ICs would be used for interband carrier aggregation. In this architecture, RF ICs can be powered on or off without impact to other RFICs, so the various CC do not have interruption impact to each other. Later, as more integrated RF solutions were developed, multiple RF chains for different bands were implemented on single RFICs. In this case, there are interruptions, primarily because of local oscillator interactions (LO pulling) and power supply issues (decoupling within the IC). Hence, starting or stopping an RF chain may have temporary impact to the other running RFICs. The transients for this case are typically shorter than the transients for the intraband case, because there is no need to require a new AGC setting to continue with the ongoing reception activity. For LTE RAN4 has allowed 1ms interruptions when SCells are configured or deconfigured. In practice, it is likely that the transients are significantly shorter than 1ms. However, until release 15 the shortest TTI length in LTE was 1ms, so it was assumed that if any transient occurs, reception is lost with a granularity of multiples of 1ms.
Based on this discussion, we can see some reasons why RAN4 has allowed interruptions

· To allow the baseband to be reconfigured to receive some signal other than the serving cell PDCCH/PDSCH

· To allow the LO setting of a carrier being received to be changed

· To allow the BW of a carrier being received to be changed

· To allow for transients caused by another activity on the same receive IC.

In addition, for NR receive beamforming is an important technology it has been discussed that interruptions may occur with analogue beamforming and it has been discussed that there are interruptions when the receive antenna is reconfigured to beamform in a different direction than the serving cell (e.g. to make a neighbour cell measurement).

2.2 Relationship between interruptions and measurement gaps

For most or all scenarios, it is a physical layer design choice whether the UE performs activities in autonomous interruptions, or in network configured measurement gaps. Both approaches have benefits and disadvantages; these can be roughly summarised below
Measurement gap benefits
· For measurement gap, NW can avoid scheduling UE when the UE is not receiving since gap timing is known

Interruption benefits
· For autonomous gap, there is more flexibility for UE implementations to perform operations in an optimal manner since it is up to the UE when it needs to perform the operation (within any constraints set by RAN4, e.g. requirements for missed ACK/NACK rate)

· UE capabilities are more simply handled with autonomous interruptions since UEs that do not need any interruption simply do not make the interruption
Due to these different benefits, measurement gaps are more commonly used for operations which happen regularly and periodically, whereas interruptions may be a suitable solution for infrequent or especially “single shot” type of operations.

2.3 NR architectural assumptions

[image: image1.png]



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. 

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.

For the baseband part of the receiver, the baseline architecture for measurements is less clear, and has been discussed less than RF in 3GPP.

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 or interruptions, since less capable hardware can perform operations in a sequential manner, although this will result in taking more time.

2.4 NSA interruption scenarios

To evaluate further, we consider NSA operation with an LTE PCell, carrier aggregation on LTE and an NR PSCell. This can be further split into cases where the NR PSCell is on sub 6GHz and >6GHz. For this analysis, we do not assume any SCells in the SCG, i.e. the SCells are all LTE SCells.
For sub 6GHz NR PSCell
From an interruption perspective, the role of the NR PSCell is very like an LTE PSCell, for which requirements already exist. The same RF hardware might very well be used to receive either LTE or NR signals. From this point of view, existing dual connectivity interruption requirements can be reused. Therefore, we could expect and analyse:
· Interruptions at PSCell addition/release: The LTE PCell and SCells may be interrupted when the NR PSCell is added or released.
· Interruptions at transitions between active and non-active during DRX.
· Interruptions at transitions from non-DRX to DRX
· Interruptions at SCell addition/release
· Interruptions at SCell activation/deactivation
· Interruptions during measurements on SCC
Proposal 1: For sub 6GHz NR PSCell, the LTE dual connectivity interruption framework can be reused

Proposal 2: Duration of interruptions for NR PSCell needs to be evaluated
For mm-wave NR PSCell
We assume that the NR PSCell will not be implemented on the same RFIC as the LTE PCell/SCell(s). Hence reconfiguration of LTE RF chains will not cause interruption to NR and vice versa. Hence there should not be any additional impact compared to the interruptions which are already allowed in LTE (considering that LTE carrier aggregation is performed).
Proposal 3: For >6GHz NR PSCell, there are no interruptions to NR caused by LTE operations, and there are no interruptions to LTE caused by NR operations
3 Conclusions

Proposal 1: For sub 6GHz NR PSCell, the LTE dual connectivity interruption framework can be reused

Proposal 2: Duration of interruptions for NR PSCell needs to be evaluated
Proposal 3: For >6GHz NR PSCell, there are no interruptions to NR caused by LTE operations, and there are no interruptions to LTE caused by NR operations
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