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Introduction  
After the discussion of [1] at RAN #84, it was agreed to start a RAN email reflector discussion (planned until RAN#85) with the scope captured in [2]. The agreed scope in [2] is copied below: 
-----------------------------------------------------------------------------------------
Scope for the email discussion: 
· Device type(s), targeted for the lower capability definition (lower than Rel-15)
· What capability(es) would be relaxed and what relaxed parameter range would be considered
· Focus on number of antennas / MIMO layers and/or max supported BW
· Specification impact of lower capability definitions
· [bookmark: _Hlk13578468]Whether to differentiate the lower capability devices from the Rel-15 capability devices and if yes, how
· [bookmark: _Hlk13579635]Whether to introduce lower capability(es) in Rel-16 or in a later release
Note: The aspects of low-end NR UEs (such as UE with 5 MHz / 10 MHz bandwidth in FR1) are covered part of NR-Light discussions		
--------------------------------------------------------------------------------------------

In the following, we ask for input on the five topics separated in five subsections. Companies are asked to enter their views in Sections 2.2-2.5.

Discussion

Device type(s) targeted for the lower capability definition
(Note: device type could be, for example, from the sample set {eMBB smartphone, smartwatch, feature phone, CPE, telematics module, etc.}, where the assumption is that a subset may be selected.)  

	Company
	Input on device types

	OPPO
	Wearable devices, low-end smartphone

	TIM
	Absolutely contrary to the definition of devices with lower capabilities in Rel 16. 
If these underperforming devices are commercialised in “regular” networks the impact on User Experience and QoS will be dramatic. 
The topic is overlapping with NR Light.

	ORANGE
	Orange is not open to any relaxations for any use case in Rel16. Such considerations are aimed at Rel17 and should be tackled within the NR Light email discussion, and target very specific use cases, in particular IoT devices.

	Qualcomm
	The target device type should be lower tier eMBB smartphone.
We note that for lower tier eMBB devices there is an option of using LTE instead of a new lower capability NR UE. However, in regions and for operators for whom there is sufficient amount of new NR spectrum, but existing LTE spectrum is already congested, clearly introducing new lower capability NR devices is a better choice. 

	Telstra
	Completely agree with Orange comments, This discussion should be managed in under Rel-17 NR Lite with any relaxation targeted to specific form factors/use cases.

	Dish Network
	· For operators with greenfield NR deployments and/or with limited amount of spectrum, some Rel 15 NR capabilities may be an overkill driving up complexity and cost that would be shared by consumer and operator
· User experience and QoS is not a simplistic function of device capability. It has a lot to do with the availability of time-frequency resources. A full capability NR device on a loaded NR network or on an NR network shared with a large number of LTE users would provide much worse overall user experience than a lower capability NR device on a lightly loaded NR only network
· The lower capability Rel-16 device is not a replacement for a full-capability Rel-16 device
· Primary target device should be eMBB smartphones. Other devices may be feature phones, CPEs, etc.
· NR Light and Rel-16 NR lower capability devices do not overlap. NR Light is primarily meant for wearables, sensors and surveillance device types.
Spec impact is minimal and can easily be done in Rel-16 timeframe

	Samsung
	low/mid tier eMBB

	CMCC
	Lower tier/cost devices that not pursuit higher data throughput.

	Xiaomi
	Low-tier smartphone, smart watch and other eMBB devices

	Huawei/HiSilicon
	We agree with TIM, Orange, Telstra comments. Less capable smartphones will not give the end user a true "5G" performance, especially with fewer Rx antennas and smaller BW. We fear that we would give the market the wrong message if we allow that to happen too soon. This discussion should be managed under Rel-17 NR Light email discussion.

	Deutsche Telekom
	We agree with ORANGE & Telstra that this discussion should be handled under the “NR Light” discussions for Rel-17.

	Vodafone
	Don’t see the market driver for doing this now, except for NR Light consideration in Rel-17. 
If in the future we did do something, we should not consider NR support in isolation, as most/all consumer devices won’t just support NR.

	OnePlus
	Low cost / Lower tier device – feature phone, low- end smartphone

	vivo
	Low-end smartphone in Rel-16

	MediaTek
	Consider this in Rel-17 NR Light, no relaxation in Rel-16.
Need to avoid market fragmentation during initial 5G commercialization stage. Relaxation at early stage may result in worse performance than 4G, which may defeat the original purpose to grow 5G market space.

	FUTUREWEI
	Not in rel-16; the industry should focus on developing cost-effective “normal” NR devices which will benefit the entire NR ecosystem in all regions.

	China Unicom
	Lower-tier devices with lower data throughput for verticals.
Need to further clarify the relationship with R17 NR Light.

	Spreadtrum
	It is too soon to discuss the lower UE capability NR terminals. To avoid giving wrong impression to the market, we prefer to discuss this in Rel17 NR Light.

	TCL Communication
	A study on NR UE chipset cost reduction by relaxing eMBB requirements would be useful as current products cannot address the entry segment and will drastically limit the adoption of NR.
Although capabilities would be then similar to LTE Advanced, the exploitation of new spectrum and advanced gNB antenna schemes shall be attractive enough to operators.
Study and normative work timing to be discussed in RAN#85.

	Ericsson
	In principle, we see the value of having lower capability UE in certain use cases like the industrial use cases.
However, for industrial use cases, we think Rel-17 timing makes better sense in addressing the high UE cost issue. The NR-Light item under discussion can address some of the factors contributing to high UE cost.

	Motorola Mobility, Lenovo
	In order to increase uptake of 5G smartphone devices (eMBB) and make the aim of democratization of 5G achievable sooner than later, we believe that the Qualcomm proposal is useful.




What capability(es) would be relaxed and what relaxed parameter range would be considered
According to the agreed scope, focus should be on number of antennas / MIMO layers and/or max supported BW. (Note: the max supported MIMO layers is the same as the number of Rx antennas for the applicable devices.) 

	Company
	Input on capabilities and parameter range

	OPPO
	Bandwidth
· FR1: 60 MHz for low-end smartphone
· FR1: 20 MHz for wearable devices
Number of Rx antennas
· FR1: 2 Rx for low-end smartphone
· FR1: 1 Rx for wearable devices 
Note: In Rel-15, 4 Rx are mandatory for some NR bands, e.g., n41, n78, n79

	TIM
	No relaxation acceptable on bandwidth and number of antennas

	ORANGE
	No relaxations in Rel-16

	Qualcomm
	Number of Rx and maximum supported BW should be considered
For the parameter range: 
· For number of Rx
· Allow 2Rx in bands where the Rel-15 minimum is 4Rx
· For maximum supported BW
· Allow x MHz, where x is selected from [20, 30, 40, 50] for bands in which the Rel-15 mandatory maximum BW is 100 MHz (FR1)
Allow y MHz, y is selected from [50, 100] for bands in which the Rel-15 mandatory maximum BW is 200 MHz (FR2)

	Telstra
	No relaxation in Rel-16

	Dish Network
	We like to propose: 
· 2 Rx ports in bands where the Rel-15 minimum is 4Rx ports, at least for bands <3GHz
· Max supported BW of 40 MHz where the Rel-15 max is 100 MHz for FR1
RAN can seek comments from OEMs if there are cost benefits for relaxing any other parameters without compromising performance in at least bands < 3 GHz

	Samsung
	For FR1,
· BW: 50MHz
· 2 Rx for NR bands that mandates 4 Rx
For FR2,
· BW: 100MHz
· No relaxation for Rx

	CMCC
	At least to the BW, we do not see any strong reason to preclude diverse bandwidth after R15, considering NR has to accommodate UEs with lower data throughput.

	Xiaomi
	· At least 2 Rx for low-tier smartphone for FR1
· 40M for low cost device

	Huawei/HiSilicon
	No relaxations in Rel-16

	Deutsche Telekom
	Similar to TIM, ORANGE and Telstra we do not see any need for any Rel-16 relaxation.

	Vodafone
	No need for Rel-16. Reducing Rx antennas reduces performance in networks, so channel bandwidth reduction may be more appropriate at the time where we decide to do it, as long as such devices then do not impact system performance.

	OnePlus
	FR1:
  BW<= 50Mhz 
  Rx<= 2 Rx

	vivo
	Allow 2Rx implementation in mid and high bands of FR1
Allow UE capability of BW<100MHz in FR1
Decoupled DL and UL maximum BW
40MHz/60MHz BW can be considered, details FFS

	MediaTek
	No relaxation in Rel-16

	FUTUREWEI
	Do not develop lower-tier NR eMBB smartphones in Rel-16

	China Unicom
	Only restricted to very limited parameters.
Focus on lower bandwidths NR devices for vertical industries.

	Spreadtrum
	No relaxations in Rel-16.

	TCL Communication
	BW ~50MHz and 2 layers support. Potentially MAC (HARQ) and Layer 2 limitations if on-chip memory ad die size can be improved.

	Ericsson
	Similar as discussed in NR Light, we believe that e.g. reduction of bandwidth and RX antennas can bring the cost down. This can be discussed more in Rel-17 time frame.

	Motorola Mobility, Lenovo
	The Qualcomm proposal is worthy of consideration.




Specification impact of lower capability definitions
(Note: Rel-16 specification changes would need to be minimized to avoid additional RAN1/2/4 workload.) 

	Company
	Input on capabilities and parameter range

	OPPO
	· New UE capability and associated signalling design
· The corresponding requirements need to be specified

	ORANGE
	No relaxations in Rel-16 

	Qualcomm
	In the following, we give example implementation of the specification changes. 
Note that possible restrictions, e.g. BW range discussed in section 2.2 are not yet reflected in this example text change. Those could be accommodated relatively simply. 

[36.306]
channelBWs-DL
Indicates for each subcarrier spacing whether the UE supports channel bandwidths lower than the maximum channel bandwidth as defined in clause 5.3.5 of TS 38.101-1 [2] and TS 38.101-2 [3]. If this parameter is not included, the UE supports all channel bandwidths. For FR1, the bits starting from the leading / leftmost bit indicate 5, 10, 15, 20, 25, 30, 40, 50, 60 and, 80 and 100MHz. For FR2, the bits starting from the leading / leftmost bit indicate 50, 100 and 200MHz. The third / rightmost bit (for 200M) shall be set to 1.
channelBWs-UL
Indicates for each subcarrier spacing whether the UE supports channel bandwidths lower than the maximum channel bandwidth as defined in clause 5.3.5 of TS 38.101-1 [2] and TS 38.101-2 [3]. If this parameter is not included, the UE supports all channel bandwidths.
For FR1, the bits starting from the leading / leftmost bit indicate 5, 10, 15, 20, 25, 30, 40, 50, 60 and, 80 and 100MHz.
For FR2, the bits starting from the leading / leftmost bit indicate 50, 100 and 200MHz. The third / rightmost bit (for 200M) shall be set to 1.
supportedBandwidthDL
Indicates maximum DL channel bandwidth supported for a given SCS that UE supports within a single CC, which is defined in Table 5.3.5-1 in TS 38.101-1 [2] for FR1 and Table 5.3.5-1 in TS 38.101-2 [3] for FR2. For FR1, all the bandwidths listed in TS38.101-1 v15.0.0 Table 5.3.5-1 for each band shall be mandatory with a single CC. For FR2, the set of mandatory CBW is 50, 100, 200 MHz. When this field is included in a band combination with a signle band entry and a single CC entry (i.e. non-CA band combination), the UE shall indicate the maximum channel bandwith for the band according to TS 38.101-1 [2] and TS 38.101-2 [3].
supportedBandwidthUL
Indicates maximum UL channel bandwidth supported for a given SCS that UE supports within a single CC, which is defined in Table 5.3.5-1 in TS38.101-1 [2] for FR1 and Table 5.3.5-1 in TS 38.101-2 [3] for FR2. For FR1, all the bandwidths listed in TS38.101-1 v15.0.0 Table 5.3.5-1 for each band shall be mandatory with a single CC. For FR2, the set of mandatory CBW is 50, 100, 200 MHz. When this field is included in a band combination with a single band entry and a single CC entry (i.e. non-CA band combination), the UE shall indicate the maximum channel bandwidth for the band according to TS 38.101-1 [2] and TS 38.101-2 [3].
[38.101-1]
The UE is required to be equipped with a minimum of two Rx antenna ports in all operating bands except for the bands n7, n38, n41, n77, n78, n79 where the UE is required to be equipped with a minimum of four Rx antenna ports. This requirement applies when the band is used as a standalone band or as part of a band combination.

	Telstra
	No relaxation in Rel-16

	Dish Network
	Signaling changes to indicate to gNB whether UE meets: 
- Full Rel-16 capability, and if not, then:
- Lower Rel-16 Capability
There is no mixed or partial Rel-16 capability

	Samsung
	New UE capability signalling and corresponding RAN4 requirements

	CMCC
	New UE capability, and UE category if only restrict to support more BW. 

	Xiaomi
	New UE capability design and relaxation on corresponding RAN4 requirements in R16

	Huawei/HiSilicon
	No relaxations in Rel-16

	Deutsche Telekom
	No need for Rel-16 as any relaxation will not be part of Rel-16 (see operator statements in 2.1 & 2.2

	Vodafone
	No relaxations in Rel-16

	OnePlus
	New UE capability and signalling

	vivo
	Agree with Qualcomm’s analysis on the spec impacts
FFS if UE category is to be introduced in addition

	MediaTek
	No relaxation in Rel-16

	FUTUREWEI
	Concerns with the relaxation are not related to amount of specification impact. Do not develop lower-tier NR eMBB smartphones in Rel-16. 

	China Unicom
	Depending on issue 2.
If the range and possible values of relaxed parameters are not figured out properly and reasonable, no relaxation should be specified.

	Spreadtrum
	No relaxations in Rel-16.

	TCL Communication
	Capabilities signalling and definition of min BW support
Potentially limitation of Nb HARQ processes, bearers and slices support.

	Ericsson
	Can be discussed later

	Motorola Mobility, Lenovo
	Qualcomm proposal is a good way forward and a balanced approach.




Whether to differentiate the lower capability devices from the Rel-15 capability devices and if yes, how
(Note: It is our understanding that the differentiation under discussion here is not about how the gNB can tell whether the UE has Rel-15 capability, or if it has the potentially introduced new Rel-16 capability. That issue should be already solved by the specification solution discussed in 2.3. Rather, our understanding is that the discussion in this section should be about whether there should be a certain set of other UE capabilities serving as a prerequisite for the UE being allowed or disallowed to use the new lower capability.)  

	Company
	Input on capabilities and parameter range

	Qualcomm
	Our view is that there is no need for explicit differentiation

	Dish Network
	No need for further differentiation as long as signalling one of two possible UE capabilities is indicated as discussed in Section 2.3.

	Samsung
	Agree with Qualcomm

	CMCC
	Yes, but this “yes” is not to preclude some UEs of these lower capability from entering some service areas, we just want to make it clear to the our customers the actual capability of the terminal they are using/choosing. 

	Deutsche Telekom
	No need for Rel-16 as any relaxation will not be part of Rel-16 (see operator statements in 2.1 & 2.2

	Vodafone
	See our previous comments, so no need currently.

	MediaTek
	No relaxation in Rel-16

	FUTUREWEI
	We may want to consider in NR-light for Rel-17, or for higher capability URLLC devices in Rel-16 or Rel-17. Do not develop lower-tier NR eMBB smartphones in Rel-16.

	Ericsson
	Can be discussed later

	Motorola Mobility, Lenovo
	No need to differentiate.




Whether to introduce lower capability(es) in Rel-16 or in a later release

	Company
	Input on capabilities and parameter range

	OPPO
	It is beneficial for 5G eco-system to introduce UE with lower capabilities in Rel-16. We note that NR-Light would also discuss low-capability UE. As a Rel-17 topic, the specification of NR-Light is expected to be finished in 2021. Thus the earliest NR-light products will not be available in the market until 2022 or 2023. From the perspective of marketing, we can see that there will be a large gap of 2 or 3 years between the Rel-15 UE and low-capability UE. Therefore, we support to introduce low-capacity UE in Rel-16 for the boom of 5G eco-system.  

	TIM
	Not in Release 16. To be discussed what to do with NR Light

	ORANGE
	Same view as TIM. No relaxations in Rel16. Such considerations are aimed at Rel17 and should be tackled within the NR Light email discussion, and target very specific use cases, in particular IoT devices.

	Qualcomm
	The reduced UE capability should be introduced in Rel-16. If agreed, the principal decision should be made by RAN. The required specification changes (e.g. as discussed in Section 2.3) could be discussed and endorsed in the WGs or could be agreed at RAN directly. 

	Telstra
	To be discussed in later releases

	Dish Network
	Rel-16

	Samsung
	[bookmark: _GoBack]Introduce lower UE capability in Rel-16

	CMCC
	From Rel-16

	Xiaomi
	Yes, in Release 16

	Huawei/HiSilicon
	We would like to have this in Rel-17, not Rel-16

	Deutsche Telekom
	Depending on deployment scenarios, especially the uptake of NR standalone this could be discussed as part of the Rel-17 discussions in close coordination – or even better under the “NR Light” topic.

	Vodafone
	Consider for NR Light in Rel-17, for other devices we need to see the market take-up. Too early to commit to a date/Release now.

	OnePlus
	Rel-16

	Vivo
	Rel-16 lower capability UE targets low-end smartphone use case
Even lower capability UE can be discussed in Rel-17 NR-light targeting smart wearable and other MTC use cases.

	MediaTek
	From Rel-17

	FUTUREWEI
	Not in Rel-16. Can discuss under NR-light for Rel-17.

	China Unicom
	Depending on issue 2.
If the range and possible values of relaxed parameters are not figured out properly and reasonable, no relaxation should be specified.

	Spreadtrum
	We prefer to introduce lower UE capability NR terminals in Rel17, and combine this discussion with Rel17 NR Light.

	TCL Communications
	If this new profile is mandatory for chipset vendors to lower costs then pushing it to R17 will delay the broader market adoption by 1 or 2 years, then R16 is preferred.

	Ericsson
	Not in Rel-16

	Motorola Mobility, Lenovo
	Given the aim of the proposal, it makes sense to consider this for Rel-16. 








Conclusions

Device type(s), targeted for the lower capability definition (lower than Rel-15)
· 21 companies commented

What capability(es) would be relaxed and what relaxed parameter range would be considered (focus on number of antennas / MIMO layers and/or max supported BW)
· 21 companies commented

Specification impact of lower capability definitions
· 20 companies commented

Whether to differentiate the lower capability devices from the Rel-15 capability devices and if yes, how
· 10 companies commented

Whether to introduce lower capability(es) in Rel-16 or in a later release
· 21 companies commented
· Introduce in Rel-16 (10)
· OPPO, Qualcomm, Dish, Samsung, CMCC, Samsung, OnePlus, vivo, TCL Communications, Motorola Mobility/Lenovo
· Do not introduce in Rel-16 (10)
· TIM, Orange, Telstra, Huawei/HiSilicon, Deutsche Telekom, Vodafone, MediaTek, FUTUREWEI, Spreadtrum, Ericsson
· Depends on type and amount of relaxation (1)
· China Unicom

Proposal: Continue discussion until RAN#86.
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