3GPP TSG-RAN WG2 Meeting #95bis
R2-166143
Kaohsiung, Taiwan, 10 - 14 October 2016
Agenda item:
8.19
Source:
Nokia, Alcatel-Lucent Shanghai Bell
Title:
Signalling of 1Rx UE category
WID/SID:
NewReq_1Rx_Cat1- Release 14
Document for:
Discussion and Decision

1
Introduction
RAN#73 approved a new WID on 1RX UE category in RP-161898. For RAN2, the goals of the WID are, as shown below, quite simple: Specify signalling to enable eNBs to recognize 1Rx UEs.
	RAN2 should discuss how to differentiate the UEs (same capabilities as Category 1 but with a single receiver) from legacy Category 1 UEs (with two receive chains) [RAN2]

· At least the following options should be considered, decision to be made in RAN plenary#74

· introduce a new UE category as an extension of  Category 1

· Backwards compatibility shall be maintained (UE should also signal Category 1, being able to connect to legacy networks).

· introduce a new UE capability for Category 1 without introducing a new UE category

· Applicability of the protocol release for the new category/capability should be discussed, decision to be made in RAN plenary #74

· Same access capabilities as Category 1 should be maintained


In this contribution, we discuss how to realize the signalling for this.
2
Background
The justification for the WID relies on small form factor devices, e.g. smartwatches and other wearables, which either do not have space for multiple Rx antennas, become very costly to implement or suffer from antenna coupling effects that hinder the performance.

The topic of 1Rx UEs was also discussed in RAN4 during Rel-8 work (see e.g. R4-070350, R4-070718,). However, at that time it was thought that it’s better to have good coverage for all UEs (rather than considering all different UE form factors and frequency bands), and the system design was done with that in mind. Therefore, the legacy networks only recognize Cat1 as the lowest legacy UE category.

Observation 1: Signalling of UE Category 1 can be understood by all legacy networks since Rel-8.

While 3GPP has defined requirements for MTC UEs (Cat. 0) with a single receiver chain, however, these devices were not considered good enough, and it was required that the UEs should be able to connect to legacy eNBs as well. Hence, the WID aims to have Cat1 UE capabilities apart from the number of Rx antennas. 

Observation 2: From RAN2 signalling view, the single receiver chain creates additional constraints on the UE.
This would also mean that the UE would have similar support of features as LTE Cat1 device, i.e. set the FGIs in the same manner as a UE Category 1 belonging to the same release would.

Observation 3: A 1Rx UE based on LTE Category 1 shall indicate support for the same mandatory features (e.g. FGIs) that the same release Category 1 UE does.

The biggest impact of the single receiver is to the UE coverage: PDSC/PDCCH/PBCH reception requirements were all based on 2Rx UEs, so therefore new requirements would be required, as is also stated in the WID. However, we would note that likely such things might not impact the RAN2 signalling beyond the new UE category indication.

Observation 4: Whether coverage reduction due to single receiver chain impacts RAN2 signalling needs to be confirmed by RAN4.
Proposal 1: Ensure observations 3 and 4 are captured when defining 1Rx UE in RAN2 specifications.
3
Signalling of 1Rx UE category
3.1
How to signal 1Rx UE category? 
As the WID states, there are in principle two methods to define the new UE capability signalling:

1. Additional capability added to Cat.1 UEs

2. New UE category (e.g. “Cat 1R”) that indicates UE supports Cat.1 with a single receiver antenna

Since neither option would be understood by legacy networks, the consideration of which to adopt should be based on whether one of the options is easier for legacy networks to handle. This is also inherently coupled with the question of the signalling release (which will be discussed in the next chapter). However, typically 3GPP introduces new UE categories when defining e.g. new maximum data rates, so the same approach could be used here. This would work also in case it is realized later on that such a UE category would require additional specification effort, it would be easier to encompass that under a new UE category rather than list it under the description of a single UE capability. For those reasons, it seems more reasonable to define a new UE category for this case.

Proposal 2: Define a new UE category called “Cat 1R” to indicate UE support of single receive antenna.

3.2
How do legacy networks comprehend the 1Rx UE category? 

The fundamental question for the 1Rx UE is: How does the UE appear to legacy eNBs? As per the WID objectives, this is already decided so that UE should always signal Cat.1 to legacy networks. The easiest way to do this is simply to use the legacy UE category signalling.

Observation 5: UE should always signal Category 1 via legacy signalling, i.e. field ue-Category in UE capability signalling.

Proposal 3: Cat1R UE will always indicate Category 1 as Rel-8 UE category.
3.3
From which release onwards should the new UE category be introduced?
Obviously, from which release onwards the signalling should be defined is a question to be considered (as also indicated in the WID). Considering that the work is done within Rel-14 WID, the most natural choice would be to introduce the signalling from Rel-14 onwards.  
Given the request of the WID to be completed during Rel-14, it seems reasonable to assume that the baseline would be the option to introduce the capability from Rel-14 onwards, as is the normal procedure with all open release WIDs. 

Proposal 4: The new UE category called “Cat 1R” is introduced from Rel-14 onwards.

3.4
Implications of new UE category to Rel-14
Assuming the signalling is introduced from Rel-14, the question on how to define the UE category needs to be answered: Since Rel-13, RAN2 no longer introduces UE categories but separate UL/DL categories instead. Additionally, the allowed mapping of UL/DL categories and UE category indications needs to be defined in 36.306.

Observation 6: Introducing Cat 1R from Rel-14 means introducing separate UL and DL categories, i.e. UL category 1R and DL category 1R. UE indicating UL/DL category 1 should also always indicate UE category 1.

Proposal 5: Introduce UL category 1R and DL category 1R from Rel-14 onwards. UE shall always indicate UL Cat 1R and DL Cat 1R together, and UE indicating UL/DL category 1R shall always indicate (legacy) UE category 1.

4
Conclusions
We have observed the following:

Observation 1: Signalling of UE Category 1 can be understood by all legacy networks since Rel-8.

Observation 2: From RAN2 signalling view, the single receiver chain creates additional constraints on the UE.
Observation 3: A 1Rx UE based on LTE Category 1 shall indicate support for the same mandatory features (e.g. FGIs) that the same release Category 1 UE does.

Observation 4: Whether coverage reduction due to single receiver chain impacts RAN2 signalling needs to be confirmed by RAN4.
Observation 5: UE should always signal Category 1 via legacy signalling, i.e. field ue-Category in UE capability signalling.

Observation 6: Introducing Cat 1R from Rel-14 would mean introducing UL category 1R and DL category 1R, and indicating that UE indicating those shall always also indicate UE category 1.
We proposed the following:

Proposal 1: Ensure observations 3 and 4 are captured when defining 1Rx UE in RAN2 specifications.
Proposal 2: Define a new UE category called “Cat 1R” to indicate UE support of single receive antenna.

Proposal 3: Cat1R UE will always indicate Cat 1 as Rel-8 UE category.

Proposal 4: The new UE category called “Cat 1R” is introduced from Rel-14 onwards.

Proposal 5: Introduce UL category 1R and DL category 1R from Rel-14 onwards. UE shall always indicate UL Cat 1R and DL Cat 1R together, and UE indicating UL/DL category 1R shall always indicate (legacy) UE category 1.

