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1 Background
The smart wearable market has vastly grown in the last few years. Many of the current product offerings provide different sorts of connectivity (including PAN – Bluetooth, LAN – WiFi, and WAN - cellular connectivity). 
From the cellular connectivity point of view, 3GPP has developed several categories that may be suitable for wearables. The main characteristics of these categories are:
· Low data rates: Compared to current connectivity requirements for smartphones (in the order of several Gbps for LTE), wearables need much lower peak data rate.

· Single receive antenna: Due to space/thermal constraints, typically a wearable cannot mount multiple receive antennas.

The main categories targeting wearables are:
· NB-IoT: Low end wearable, mainly for health monitoring/others.
· eMTC: Up to ~1Mbps, support of mobility and VoLTE calling.
· Cat-1bis: Up to 10Mbps

Since the introduction of Cat-1 bis (Q1/2017, 2.5 years ago), the data requirements for wearables have increased. Applications like video streaming, file download and others require higher data rates than the 10Mbps offered by Cat-1bis. One of the major use cases of increase data rates is support of video calls for child wearables.
To support these new use cases, we propose to introduce a new UE category “Cat-4bis” with a data rate of 75Mbps and single Rx antenna.

2 New UE category: Cat-4bis
The proposed new UE category has the same characteristics as Cat4, but supports a single receive antenna and, therefore, single layer in the downlink. This creates a UE category with a peak data rate of ~75Mbps (7x that of Cat1-bis).
Proposal 1: Introduce new DL UE category “Cat-4bis” with the following characteristics:
- Max TBS: 75376
- Max number of bits in 1 TTI: 75376
- Number of spatial layers in DL: 1

To introduce this category, we introduce one downlink category and one uplink category. Note that the uplink category mimics the UL capability of Cat-4 (single layer, no support of 64/256QAM). The downlink category Cat4bis has half the peak data rate of Cat 4, and the number of soft channel bits is also halved. The two tables below contain the PHY parameters to be included in TS 36.306.
Proposal 2: Endorse the following table from RAN1 perspective, send LS to RAN2 to implement the new UE category in TS 36.306:

	UE DL Category
	Maximum number of DL-SCH transport block bits received within a TTI (Note 1)
	Maximum number of bits of a DL-SCH transport block received within a TTI
	Total number of soft channel bits
	Maximum number of supported layers for spatial multiplexing in DL

	DL Category 4bis
	75376
	75376
	913536
	1



	UE UL Category
	Maximum number of UL-SCH transport block bits transmitted within a TTI
	Maximum number of bits of an UL-SCH transport block transmitted within a TTI
	Support for 64QAM in UL
	Support for 256QAM in UL

	UL Category 4bis
	51024
	51024
	No
	No



The uplink pairing for the new downlink category is proposed to be the same as legacy Cat-4, which can be support ~51Mbps (Cat 4) or ~75Mbps (UL Cat 5). For backwards compatibility purposes, the UE signals support of Cat4, although the UE only supports single layer/single Rx. When operating in a legacy network, the eNB may not know that this UE supports single layer transmission only, but this can be handled by appropriately adjusting the CSI feedback at the UE (e.g. reporting always RI=1).
Proposal 3: The new DL Category 4bis can be matched with UL Category 4bis or UL Category 5. The following table is endorsed from RAN1 perspective
	UE DL Category
	UE UL Category
	UE categories
	Maximum UE channel bandwidth [MHz]

	DL Category 4bis
	UL Category 4bis
	Category 4 (NOTE X)
	According to maximum channel bandwidth specified per band in TS 36.101 [6].

	DL Category 4bis
	UL Category 5
	Category 4 (NOTE X), DL Category 4 and UL Category 5
	

	NOTE X:	The UE indicating DL category 4bis is only required to support 1Rx antenna and 1 layer for spatial multiplexing even though the UE indicates UE category 4 for legacy compatibility.




For this new category, the tests defined already for Cat1-bis (single Rx antenna) would apply. In our view, the introduction of Category 4bis should not require the definition of any additional requirements in RAN4.
Proposal 4: The requirements for Cat1-bis in RAN4 also apply to Cat4-bis. No new requirements are defined for Cat4-bis.

Since the decision to introduce the new category is ultimately up to RAN, we propose to send an LS to RAN (CC: RAN2) to inform them of the decisions made by RAN1.

Proposal 5: Endorse the above proposals from RAN1 perspective, and send LS to RAN/RAN2 stating that it is feasible to introduce this category from RAN1 perspective.

3 Summary of proposals
In this contribution, we proposed to introduce a new UE category “Category 4-bis”, which is essentially a Category 4 UE with support for single receive antenna and single DL layer. The details of this new category are summarized as follows:

Proposal 1: Introduce new DL UE category “Cat-4bis” with the following characteristics:
- Max TBS: 75376
- Max number of bits in 1 TTI: 75376
- Number of spatial layers in DL: 1

Proposal 2: Endorse the following table from RAN1 perspective, send LS to RAN2 to implement the new UE category in TS 36.306:

	UE DL Category
	Maximum number of DL-SCH transport block bits received within a TTI (Note 1)
	Maximum number of bits of a DL-SCH transport block received within a TTI
	Total number of soft channel bits
	Maximum number of supported layers for spatial multiplexing in DL

	DL Category 4bis
	75376
	75376
	913536
	1



	UE UL Category
	Maximum number of UL-SCH transport block bits transmitted within a TTI
	Maximum number of bits of an UL-SCH transport block transmitted within a TTI
	Support for 64QAM in UL
	Support for 256QAM in UL

	UL Category 4bis
	51024
	51024
	No
	No




Proposal 3: The new DL Category 4bis can be matched with UL Category 4bis or UL Category 5. The following table is endorsed from RAN1 perspective
	UE DL Category
	UE UL Category
	UE categories
	Maximum UE channel bandwidth [MHz]

	DL Category 4bis
	UL Category 4bis
	Category 4 (NOTE X)
	According to maximum channel bandwidth specified per band in TS 36.101 [6].

	DL Category 4bis
	UL Category 5
	Category 4 (NOTE X), DL Category 4 and UL Category 5
	

	NOTE X:	The UE indicating DL category 4bis is only required to support 1Rx antenna and 1 layer for spatial multiplexing even though the UE indicates UE category 4 for legacy compatibility.




Proposal 4: The requirements for Cat1-bis in RAN4 also apply to Cat4-bis. No new requirements are defined for Cat4-bis.

Proposal 5: Endorse the above proposals from RAN1 perspective, and send LS to RAN/RAN2 stating that it is feasible to introduce this category from RAN1 perspective.
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