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Introduction
In RAN2 #111-e meeting, the following agreements were made:
	The number of device types should be minimized, to reduce market fragmentation, and introduced only where essential to control UE accesses and differentiate them from legacy R15/R16 and non-Redcap R17 UEs, (e.g. number of Tx/Rx antennas, maximum supportable BW, etc.). The exact composition of the set of L1 capabilities of the device type can be discussed by RAN1.
Whether reduction of upper layer capabilities should be considered is FFS (in any case no email discussion until the next meeting on this).
Whether and how it can be ensured RedCap UEs are used only for intended use cases. This may require coordination with other WGs (e.g. RAN3 / SA / CT).


This paper discusses issues that remain from the above agreements.
Discussion
Defining RedCap 
As captured by the first agreement above, most companies agree that RedCap can be defined by a set of capabilities that differentiate them from legacy R15/16 and non-RedCap R17 UEs (referred as full-capability UEs thereafter). We think this differentiation can be made by picking a set of UE capabilities that are mandatory for full-capability UEs but can be made optional for RedCap UEs. 
[bookmark: _Hlk53866625]Observation 1. RedCap UEs can be differentiated from full-capability UEs based on a set of UE capabilities that are mandatory for full-capability UEs but optional for RedCap UEs.  
In addition, because the SID requires RedCap UEs to be able to coexist with full-capability UEs, we have to define a minimum set of mandatory UE capabilities of RedCap UEs to ensure the coexistence requirement is met. 
Observation 2. A minimum set of mandatory UE capabilities for RedCap UEs need to be defined to ensure their coexistence with full-capability UEs.
As to the number of UE types to be defined for RedCap, we see two alternative approaches among the proposals submitted by companies to the last meeting: 
Option A. There is only a single RedCap UE type. Then it can be defined according to the rules in Observation 1 and 2. 
Option B. There are at least two RedCap UE types for each FR. For example, say, there are low-end RedCap which supports 1Rx and high-end RedCap which supports 2Rx. To define these two types of RedCap UEs, we will have to define
· Mandatory/minimum UE capabilities for both low-end and high-end UE types. For example, in our example above, the minimum UE capability for high-end UE type is 2Rx;
· In addition, we need to define “maximum” for the optional capabilities of the low-end UE type. For example, in our example above, the maximum optional capability for the low-end UE type is 1Rx. 
In our view, Option A is simpler, avoids market segmentation, and offer more flexibility in supporting market needs, i.e. 3GPP only needs to define a single RedCap UE type but it will enable a potentially infinite number of feature permutations in the market. In addition, Rel-15 NR is defined by a similar model, i.e. a “NR UE” is characterized by a handful of mandatory features and then is a menu of hundreds of features & sub-features that vendors can choose to implement. It makes more sense to continue this model in subsequent NR releases. 
[bookmark: _Hlk53773956]Observation 3. Defining a single RedCap UE type continues the model by which NR has been following, and it offers much more flexibility in supporting future market needs. 
On the other hand, if 3GPP adopts Option B, it would mean that 3GPP will play the role of product management, because it would have to identify specific product segments to determine where to draw the line between different UE types. In our view, 3GPP, which is a technical forum made of a diverse group of companies, should focus on technical standards and not be a replacement for product management. 
Observation 4. Defining more than one RedCap UE types would require 3GPP to play the role of product management to identify different product segments, which is outside the scope of 3GPP.
Based on the above observations, we therefore propose that
Proposal 1. Only a single RedCap UE type is defined.
Proposal 2. RedCap UEs are defined by the following two sets of UE capabilities:
· a set of mandatory UE capabilities supported by all RedCap UEs to ensure their co-existence with full-capability UEs;
· a set of UE capabilities that are mandatory for full-capability UEs but optional for RedCap UEs.
We think the set of UE capabilities for defining RedCap should include both PHY and upper-layer capabilities, because some upper-layer capabilities have direct impact on UE’s complexity and cost just like PHY-layer capabilities. In the following, we discuss a set of such upper-layer capabilities.
Maximum number of DRBs
In Rel-15/16, it is mandatory for NR UE to support a maximum of 8 DRB. Based on the three target use cases specified in the SID, we do not expect RedCap UEs would need to support that many concurrent services. In addition, since the number of DRBs directly impacts UE’s buffer size and memory is a major cost component of UE chips, we think the maximum number of DRBs for RedCap UEs should be made an optional capability instead of a mandatory feature for all types of RedCap UEs. If necessary, companies can also discuss the minimum number of DRBs that all RedCap UEs should support.
Total layer-2 buffer size
Rel-15/16 NR UE is required to support a total layer-2 buffer size as a product between the sum of its DL & UL peak data rate and its RLC RTT (Section 4.1.4 in TS 38.306). Although RedCap UEs are expected to have lower peak data rate, the required buffer size based on this requirement still can be large for low-cost devices. For example, current expectation on the peak data rate for wearables are 150/50 Mbps on DL/UL, respectively. And per current spec, the RLC RTT is 50ms for FR1. Hence the required total layer-2 buffer size is 1.25 MB. Although it may not seem a huge buffer at first glance, because wearable devices have stringent requirements on both form factor and cost, any reduction of buffer size is desired, if that does not cause significant performance degradation. Based on our analysis as well as field tests, we have found that a fair good throughput can be maintained even when actual buffer size is smaller than the theoretical value required by the spec, especially when data is not very bursty. Therefore, we think it is beneficial, from both cost and power perspectives, to allow RedCap UEs to choose their own preferred total layer-2 buffer size and signal that as a UE capability to network, e.g. capability expressed as a fraction of the total layer-2 buffer size for full-capability UEs. 
PDCP & RLC AM sequence number
[bookmark: _GoBack]In PDCP and RLC operations, length of the sequence number field in their headers is related to the width of the sliding window in their protocols, which in turn affects transmitter’s buffer size. In Rel-15/16, support for 18-bit sequence number for PDCP and RLC AM is mandatory. As explained above, since RedCap UEs do not need the same buffer size as full-capability UEs, it does not make sense to mandate all RedCap UEs to support 18-bit sequence number field. In Rel-15/16, 12-bit sequence number field is optional whereas 18-bit is mandatory. We may reverse this requirement for RedCap, i.e. all RedCap UEs are required to support at least 12-bit sequence number field but 18-bit is optional
RRC processing delay requirement
In Rel-15/16, RRC processing delay requirement was shortened for NR to reduce its control plane latency. Shorter processing delay requires use of faster modem processor and hence costs more to implement. For RedCap use cases in which neither user plane nor control plane requires low latency, RRC processing delay should be relaxed. For example, RedCap UEs can signal a scaling factor for its RRC processing delay as a UE capability.  
Based on the above discussions, we propose that
Proposal 3. Make the following upper-layer UE capabilities optional for RedCap UEs:
· Maximum number of DRBs;
· Total layer-2 buffer size;
· 18-bit sequence number field for PDCP and RLC AM;
· RRC processing delay.
Constrain the use of RedCap 
According to the SID, the intention of constraining reduced capability is to ensure that RedCap UEs are only used for their intended use cases. We think there are two aspects in this requirement:
· When establishing services for a UE, network needs to identify a RedCap UE and then ensure it does not receive services unintended for RedCap UEs;
· Network needs to prevent a non-RedCap UE from falsely indicate it is a RedCap, because otherwise network may allocate unnecessarily more resources to support that UE (e.g. coverage enhancements).
We think the first aspect can be enforced through subscription validation. During RRC connection setup, UE indicates it is a RedCap UE (see our companion tdoc [2] for details of this indication). After network receives UE’s RedCap indication, it validates UE’s indication against its subscription plan, which includes information such as the set of services allowed for the UE. Based on the outcome of this validation, network then decide whether to accept or reject UE’s registration request. For example, network may reject UE if UE indicates RedCap but its subscription does not include any RedCap-specific services. Similarly, if UE’s subscription is for RedCap but UE does not indicate that, network may also reject the UE request if it chooses to do so.
Proposal 4. Network should validate a UE’s RedCap indication against UE’s subscription to ensure it does not receive services unintended for RedCap UEs. 
However, subscription validation does not completely prevent a hacked or misconfigured UE from reporting a wrong indication (i.e. the second aspect listed above). Network hence may need to additionally verify whether UE is indeed RedCap as it has reported. We think this verification can be done by performing a capability match between UE’s reported radio capability and the set of radio capabilities used in defining UE’s RedCap type. The rationale behind this check is that even if a UE falsely reports its UE type, it is less likely that it would falsely report its radio capabilities to gNB. Because it is in UE’s best interest to report its true radio capabilities to get best possible services from network. 
To implement such a capability match, network may provision a mapping between a set of capability criteria and a RedCap type. After performing the subscription validation procedure described above, core network can signal RAN that the UE is a RedCap UE and request a capability match. Upon reception of this request, RAN compares UE’s reported radio capabilities against the RedCap capability criteria associated with UE’s RedCap type. Based on the outcome of this match, core network may accept/reject UE, or downgrade UE’s service. In fact, such a procedure is already specified in the current SA specifications and hence can be used for RedCap too. It only needs to be extended to include the new RedCap indication in the signaling. 
Proposal 5. Network can additionally perform capability match procedure between UE’s reported radio capabilities and the set of capability criteria associated with UE’s RedCap type, to prevent a hacked or misconfigured UE from falsely reporting as a RedCap UE. 
Conclusion
Based on the above analysis, we’d recommend RAN2 to discuss and adopt the following proposals:
Define RedCap UEs:
Observation 1. RedCap UEs can be differentiated from full-capability UEs based on a set of UE capabilities that are mandatory for full-capability UEs but optional for RedCap UEs.  
Observation 2. 	A minimum set of mandatory UE capabilities for RedCap UEs needs to be defined to ensure their coexistence with full-capability UEs.
Observation 3. 	Defining a single RedCap UE type continues the model by which NR has been following, and it offers much more flexibility in supporting future market needs. 
Observation 4. Defining more than one RedCap UE types would require 3GPP to play the role of product management to identify different product segments, which is outside the scope of 3GPP.
Proposal 1. Only a single RedCap UE type for each FR is defined.
Proposal 2. RedCap UEs are defined by the following two sets of UE capabilities:
· a set of mandatory UE capabilities supported by all RedCap UEs to ensure their co-existence with full-capability UEs;
· a set of UE capabilities that are mandatory for full-capability UEs but optional for RedCap UEs.
Proposal 3. Make the following upper-layer UE capabilities optional for RedCap UEs:
· Maximum number of DRBs;
· Total layer-2 buffer size;
· 18-bit sequence number field for PDCP and RLC AM;
· RRC processing delay.
Constrain the use of RedCap UEs:
Proposal 4. Network should validate a UE’s RedCap indication against UE’s subscription to ensure it does not receive services unintended for RedCap UEs. 
Proposal 5. Network can additionally perform capability match procedure between UE’s reported radio capabilities and the set of capability criteria associated with UE’s RedCap type, to prevent a hacked or misconfigured UE from falsely reporting as a RedCap UE. 
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