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1. Introduction
Recently there has been increasing market demand for wearable devices. These devices have some specific form factor limitations that may lead to single receiver implementation. In this paper we discuss the need to develop requirements for such kind of devices and touch on the changes needed in the RAN4 specifications. 
2. Discussion
In the last few years there has been a steady increase in market demand for wearable devices (e.g. smartwaches). These devices have a very small form factor and the number of components used to build the device has to be minimized. Hence, the implementation of 2 receiver chains becomes very challenging because of the space (volume) consumed by the extra components. It should be noted that even if 2 receiver chains were to be used, the separation between the antennas would be very small and the actual radiated performance would be relatively poor anyway.
Until now, 3GPP has defined some requirements for MTC UEs (Cat. 0) with a single receiver chain, however, these devices have very low data rates and address a different market segment. Wearable devices have higher data rate requirements and also require higher mobility performance. Among the UE categories defined in the current specifications, UE Category 1 would be most suitable for such devices. Hence, it is very important to develop requirements for Category 1 UE with one receive chain to address this market needs.

The requirements that RAN4 has to address are RF receiver core requirements, RRM core requirements and RRM and demod performance requirements (test cases). We discuss the work that needs to be done below.
2.1. RF Rx core requirements

RF core requirements have already been defined for single receiver in the context of category 0 and category M1 devices.  An inspection of the current version of TS 36.101 reveals that reference sensitivity is defined separately for the category 0 and category M1 device due to absence of a diversity receiver.  Generally, the reference sensitivity is degraded by a value commensurate with the loss in receiver gain due to a single receiver compared to dual receiver, with some accommodation for available margins.  Moreover, category 0 reference sensitivity is defined, however, only for a subset of bands where it has been requested by operators.  Other core Rx requirementss have not been adjusted specifically for single receiver, except by virtue of the fact that the requirements are generally defined relative to the value of reference sensitivity, and reference sentsitivity itself has been adjusted for single receiver.
To leverage this prior work on category 0 and category M1 to single receiver category 1, the same reference sensitivity can generally be adopted as a starting point.  However, the uplink configuration and therefore the reference sensitivity value itself (for FDD bands) will likely be modified since the category 1 single receiver UE is not subject to the same packet size limitations as the category 0 UE which was targeted for lower data rate applications.  The bands for category 1 single receiver may also require further consideration since they may not coincide exactly with the bands defined for category 0.  

2.2. RRM core requirements

For MTC devices, new intra-frequency measurement requirements (measurement procedures) and radio link monitoring requirements were developed with the assumption that the UE has a single receiver chain. The other requirements (e.g. intra-frequency idle and connected mode mobility, timing requirements, etc) were kept same as those for UEs with two receive chains. Since the difference between Cat.1 and Cat.0 is only in the maximum supported rate and this is not related to RRM requirements, these requirements can mostly be reused. 

For Cat.0 UEs, inter-frequency measurement requirements (measurement procedures) were not developed because these devices are likely to be single band. As noted above, Cat. 1 UEs are required to have better mobility performance, hence, these requirements would have to be introduced.

2.3. RRM performance requirements

Intra-frequency measurement accuracy requirements with single receiver were introduced for Cat.0 devices. The framework can be re-used for Cat.1 UEs to minimize the work (e.g. same relaxations introduced for Cat.0 could be reused). As noted above, inter-frequency measurement accuracy requirements were not defined for Cat. 0 devices but would be needed for Cat.1.

In terms of test cases, besides the test cases introduced for Cat.0, new test cases for inter-frequency mobility would be needed.

2.4.  Demodulation and CSI performance requirements
For Cat.0 MTC UE, small subset of demodulation and CQI tests were introduced in Rel-12. Demodulation tests are specified in 8.9 and CQI tests are specied in 9.7 of 36.101. For demodulation performance requirements, following tests were defined. 
· TM2 PDSCH demodulation test

· TM4 rank 1 PDSCH demodulation test

· TM9 rank 1 PDSCH demodulation test

· PHICH demodulation test

· PBCH demodulation test. 

While PHICH and PBCH demodulation test can be applied also to Cat.1 single Rx UE, FRC for PDSCH demodulation tests need to be revided to address higher PDSCH demodulation capability of Cat.1 UE. 
Following CQI tests are defined for Cat.0 MTC UE. 

· TM1 CQI definition test

· TM1 subband CQI test

Similar to PDSCH demodulation test, FRC for CQI test needs to be revised to comply with Cat.1 UE capability. 

Observation 1. PHICH and PBCH demodulation tests for Cat.0 UE can be reused for Cat.1 single Rx UE. 
Observation 2. PDSCH demodulation test and CQI test for Cat.0 UE can be revised for Cat1 single Rx UE to address higher PDSCH demodulation capability of Cat.1 UE. 

3. Conclusion

In this paper we discussed the need to develop requirements for Category 1 UEs with a single receive chain to address the wearable device market. Such devices require better performance compared to Cat.0 (higher throughput and better mobility performance) but due to form factor limitations it is not feasible to implement two receive chains.
In terms of the actual RAN4 work, the RF core requirements, RRM requirements and demodulation performance requirements must be addressed. Many of the requirements can leverage the requirements developed for Cat.0 to minimize the amount of work. To address the mobility needs, support for inter-frequency mobility needs to be added.
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