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1	Introduction
In RAN#86, a new study item on the support of reduced capability NR devices for use cases such as industrial wireless sensors, video surveillance, and wearables was approved [1]. One of the requirements for these three use cases, as described in [1], is lower device cost and complexity as compared to high-end eMBB and URLLC devices of Rel-15/16. The SID includes the following objectives:
Study standardization framework and principles for how to define and constrain such reduced capabilities – considering definition of a limited set of one or more device types and considering how to ensure those device types are only used for the intended use cases [RAN2, RAN1].
Study functionality that will allow devices with reduced capabilities to be explicitly identifiable to networks and network operators, and allow operators to restrict their access, if desired [RAN2, RAN1].
In this contribution, we discuss potential solutions for these objectives.
2	Discussion
2.1	UE capabilities
One of the changes in NR compared to LTE standard is the absence of UE categories. It was decided that an NR UE should be characterized only by a set of capabilities in order to separate the technological domain from the commercial domain. In fact, if a certain feature requires the UE to have a certain capability, the network does not rely on knowing if the UE is of a certain category, but only if the UE has such capability or not. Then, from the commercial point of view, a UE vendor implements a specific set of capabilities which define a certain chipset.
[bookmark: _Toc40491420]Unlike LTE, NR is not relying on UE categories to define a set of capabilities that a certain chipset implements.
In NR, the supported maximum data rate is considered to be a discriminator of different chipset capabilities. The supported maximum data rate is computed according to the following formula in Section 4.1.2 of [3]:


J is the number of aggregated component carriers in a band or band combination, Rmax = 948/1024,  is the average OFDM symbol duration in a subframe for numerology , i.e. ,  is the maximum supported modulation order, and  is the overhead in a certain FR and direction considered.
· This formula takes into account the number of MIMO layers (, related to the number of antennas) and the maximum RB allocation (, related to the maximum bandwidth). 
· In particular, the scaling factor () takes into account further capabilities that indirectly affect the overall data rate.
If we assume that the aforementioned formula represents a “device type”, most likely the UEs implementing support for the use cases of interest will end up belonging to different device types due to the different requirements and consequent degrees of complexity reductions to be defined.
The current definition of UE capabilities in legacy NR allows a large degree of freedom. They are divided in sub-sets depending on the cases in which they can vary within the same device. The capabilities can be defined
· Per UE – there is only one configuration for the UE in all cases;
· Per Frequency Range – the UE can have different capabilities in FR1 and FR2;
· Per Duplexing mode – the UE can have different capabilities if TDD or FDD is used;
· Per Band – the UE can have different capabilities in each band (or band combination) to which is connected.
The amount of combinations is virtually unlimited in principle, although some minimum requirements are present. For MBB and URLLC this might not be a problem, but for Redcap having so many combinations could be a problem from the economy-of-scale point of view. In fact, in order to benefit from the economy of scale, a chipset with specific and reduced capabilities should be produced in very large volumes. Therefore, in practice, only few combinations should be present in the market. 
Although these are strictly market-related strategies and discussions, 3GPP can facilitate the market development by defining specific device types with a very limited range of possible configurations.
3GPP could introduce restrictions in the standard regarding which Redcap UE capabilities (or certain combinations) are allowed or the standard can allow any combination and then it is up to UE vendors to avoid the production of Redcap chipsets with multiple combinations of capabilities. 
We also believe that, in case it is decided that 3GPP should introduce restrictions for the UE capability combinations or should introduce the concept of UE type, how to capture in specification this concept can be postponed to the normative phase.
[bookmark: _Toc40452725][bookmark: _Toc40463999][bookmark: _Toc40464155][bookmark: _Toc40435849][bookmark: _Toc40491421]It needs to be discussed if NR Redcap device types should be introduced or if it should reuse the UE capability framework (with new lower capabilities). 
[bookmark: _Ref39843424]2.2	Initial access
One of the most critical phases in data transmission is the initial access. In fact, before the UE has been identified in Msg3 or Msg5, the gNB is not aware of its capabilities. In legacy NR, the minimum UE capabilities are known, but it could happen that the lowest Redcap capabilities are not sufficient to perform the legacy initial access. For instance, the UE bandwidth may not be enough to perform the legacy initial access due to the larger size of CORESET#0. It may also be the case that special features, not present for the lowest complexity Redcap UEs and not relevant for the Initial Access, are required for some of the use cases considered in the Redcap SI, for instance higher MIMO capabilities for high end wearables. 
It is desirable, from system operation point of view and for avoiding any specification work needed, that all the Redcap UEs can work with the legacy initial access scheme. If that is not possible, it is preferred to have a unified initial access scheme, at least for the Redcap UEs, to minimize the impacts on the specification and reduce the configuration complexity. Therefore, as the first step we may consider designing the initial access scheme based on the least capable Redcap UE. Following this idea, more complex Redcap UEs (if they were to exist) could either use the legacy Initial Access (if they are capable) or the new Initial Access (if introduced) and then be configured appropriately by the network after their capabilities are known.
[bookmark: _Toc40491422]It is preferred to have at most one new initial access scheme and framework based on the least capable Redcap UE, should a new initial access scheme and framework need to be introduced. 
[bookmark: _Toc40491423]More complex Redcap UEs (if any) can use either the legacy Initial Access (if capable) or the new Initial Access and then be configured appropriately after UE capabilities are known by the Network.
[bookmark: _Toc39844563][bookmark: _Toc39844582]Further considerations on how to identify a Redcap UE or set of capabilities during the Initial Access to provide the appropriate signalling are proposed in Section 2.4.
2.3		Use case requirements and standardization framework
The three main use cases included in the study item present very different requirements in terms of data rate, latency, and battery life. Also, for a given use case, it is possible to identify specific sub-cases with different requirements that could potentially lead to a different definition of the technology. For instance, the Industrial Wireless Sensor Network (IWSN) use case is characterized by 100 ms latency, apart from safety-related sensors, for which the latency should be 5-10 ms. Another example is the wearable case that includes many different scenarios, from demanding services requiring a peak rate of 150 Mbps to sparser sensor reporting such as heart rate.
Notice that the battery life evaluations a traffic model must be defined first in 3GPP to make sure the requirements are fulfilled. 
[bookmark: _Toc40491424]For battery life evaluations, a traffic model must be first defined in 3GPP
Based on these considerations and what is discussed in [4], we summarized the use cases requirements and potential technological solutions in Table 1, together with legacy eMBB as a reference.
[bookmark: _Ref40433440]Table 1: Use case requirements and comparison to eMBB
	
	IWSN
	IWSN - safety
	Video surveillance
	Low-end wearables
	High-end wearables
	eMBB

	Data rate
	UL: < 2 Mbps
	UL: < 2 Mbps
	UL: 2 - 25 Mbps
	UL: 5 Mbps
DL: 10 Mbps
	UL: 5-50 Mbps
DL: 10-150 Mbps
	< 2 Gbps

	Latency
	100 ms
	5-10 ms
	500 ms
	n.a.
	n.a.
	CP: 10 ms
UP: 4 ms

	Battery Life
	
	n.a.
	n.a.
	
	n.a.
	< 1 day

	Reliability

	
	
	
	n.a.
	n.a.
	n.a.


[bookmark: _Ref31633542]
Depending on market considerations, considering the different range of requirements for the use cases of interest, we can imagine two possible ways of progressing in the normative phase.
In the first scenario it is defined only one new Redcap “device type” to include a set of minimum UE capabilities that all the Redcap UEs support. Still such a Redcap device type definition might be overprovisioned for the low end used cases such as IWSN that only requires a 2 Mbps data rate. This is acceptable if economy of scale is more important than the difference in complexity reduction. This would also make the complexity reduction activity less invasive with respect to an eMBB device. (Notice that such Redcap device may or may not be capable of performing the legacy Initial Access, making the discussion in Section 2.2 unrelated to this aspect). Furthermore, the set of minimum UE capabilities defined for Redcap might not be sufficient to support the most demanding use cases, e.g. high-end wearables that require a peak bit rate of 150 Mbps in the downlink. These high-end use cases can be supported by a device supporting additional UE capabilities in addition to the set of minimum UE capabilities.
In a second scenario two sets of capabilities are defined, one minimizing the complexity and cost for the less demanding use cases, and another one for the more demanding use cases. In this case the Initial Access would be designed according to the lower set of capabilities.
In principle, more “device types” can be defined, each one tailored for a specific use cases, but 3GPP should aim to design as few as possible, if needed. Notice that the definition of such “device types” does not implies that they should be defined explicitly in the standard, as discussed in Section 2.1. Two different commercial categories of UEs can be defined either as two actual technological UE categories or as different combination of the same set of UE capabilities.
If 3GPP agrees to introduce the concept of “device type” in NR, an over-use of such a concept should be avoided. This means that all Redcap UEs should belong to the same new device type so that they all can benefit from the same set of features, especially during initial access. Eventually, more detailed configurations are managed individually by the network later. At least 3GPP should aim to keep the number of types as low as possible.
[bookmark: _Toc40491425]It is preferred to define few device types as possible, should the concept of “device type” is to be introduced.
[bookmark: _Ref39918561]2.4	Device identification
First, regarding the part of the objective on how to make UEs with reduced capabilities explicitly identifiable to the network, there are different ways to identify a UE with reduced capabilities, or of a new device type. With the legacy procedure, in case the UE capabilities are already in the AMF, the full set of UE capabilities is retrieved by the gNB from the AMF after the UE ID is made known to gNB. (In case the AMF does not have the UE capabilities, the gNB retrieves them after the RRC connection has been setup, and after security has been enabled). If the UE comes from RRC IDLE, the UE ID used is the 5G-S-TMSI for which the 2nd part is received in Msg5. If the UE comes from RRC INACTIVE, the UE ID used is the I-RNTI which is received in Msg3. Therefore, using the legacy mechanism, the UE capabilities would be known to gNB before any user-plane data transmission and before any service is configured.
[bookmark: _Toc31716298][bookmark: _Toc40491426]Legacy identification procedure will make UE capabilities known to gNB before data transmission or service initiation.
Therefore, any new Rel-17 functionality would only be required if this is not enough. One reason that could be of interest would be to have an earlier device identification. This could be motivated e.g. by Rel-17 Small Data Enhancements or to restrict Redcap access. The options for introducing such an early indication are in Msg1 or in Msg3. A new Msg3 indication would only be relevant for UEs coming from RRC IDLE mode (if the UE comes from RRC INACTIVE state the UE capabilities can be retrieved by gNB after it has received the resume ID, I-RNTI, in Msg3. 
[bookmark: _Toc40491427]If early indication of Redcap capability is required, indication in Msg1 or in Msg3 are the options.
A Msg1 indication to identify Redcap UEs in practice means using either preamble partitioning or separate PRACH for Redcap. To avoid trunking losses and fragmentation we think Msg1 indication should be avoided for Redcap (especially since there could be several types of Redcap UEs). Note however, that if maximum Redcap UE bandwidth is reduced to far below 20 MHz, a new initial access for Redcap would anyway need to be introduced due to CORESET#0 restrictions. In this case one would get the Redcap early indication for free. 
[bookmark: _Toc40491428]Preamble partitioning or separate PRACH for the sole purpose of early Redcap capability indication should be avoided or at least not required.

2.5	Access restriction
The next part of the objective is about possible restriction of the access of Redcap UEs. After the full UE capabilities are known to gNB, the network would have the possibility to reject the UE service, limit the configuration or in other ways restrict the UE. 
Different types of access restriction could be envisioned for reduced capability UE, e.g. the following: 
A. Cell barring 
B. Access barring (temporary at congestion)
C. Restricted use from separate PRACH resources (e.g. preamble partitioning)
These will be discussed in the respective subsections below.
[image: ]
Figure 1: Illustration of access restriction for Redcap.
2.5.1	Cell barring
By cell barring we here refer to the mechanism of avoiding certain UEs to camp on a cell, in this case Redcap UEs. For this mechanism, an indication would be needed in SI to indicate whether Redcap UEs should be allowed to camp on the cell. However, since a legacy gNB (Rel-16 or earlier) would not be able to handle new Rel-17 Redcap UEs, a new indication, either explicit, such as a flag, or implicit, e.g. by the presence of Redcap  configuration parameters, would have to be added to SI to indicate that the cell supports Rel-17 Redcap. Therefore, the same indication could be used also by Rel-17 capable gNBs to achieve cell barring of Redcap UEs as desired.
[bookmark: _Toc31716305][bookmark: _Toc40491429]The gNB can indicate in broadcast signalling (explicitly or implicitly) whether Redcap UEs are barred in the cell or not.

2.5.2	Access barring
With Access Barring we here refer to the mechanism where UEs are temporarily barred from accessing the cell to establish a connection until the congestion situation has been resolved. In NR, access barring is part of the Rel-15 Unified Access Control (UAC). Here we discuss whether UAC can be reused if the network would like to bar Redcap UEs only and not regular NR UEs. In UAC each access attempt is associated with an Access Category and one or more Access Identities. The latter are typically used to lift the barring for certain identities, e.g. special access classes. The Access Identity may be of interest for Redcap since it is connected to the UE type (and less to the service). If so, the logic would have to be reversed so that it is possible to configure the barring to be more restrictive for Redcap UEs than for regular NR UEs. 
The Access Categories are instead related to the reason for the access attempt. The Access Category is set per access attempt depending on what triggered the access, e.g. which service (set by NAS if NAS triggered, or by RRC if AS triggered). There can only be one Access Category set per access attempt. Example of Access Categories are given in the table below [TS 24.501]:
	Index:
	0
	1
	2
	3
	4
	5
	6
	7
	32-63

	AC:
	MT Access

	Delay tolerant

	emergency

	MO signaling

	MO MMTel Voice

	MO MMTel Video
	MO SMS and SMSoIP

	MO data

	Based on operator classification




It should be of interest to not have reduced functionality for Redcap UEs and still be able to differentiate e.g. MT access, MO data, etc. There are however many access categories which are configurable by the operator (index 32-63 above) and which could potentially be used for Redcap.
[bookmark: _Toc31716302][bookmark: _Toc40491430]Unified Access Control can be reused and Access Categories or Access Identities for Redcap UEs could be used.

2.5.3	Random access restriction
This alternative is covering the case where the Random Access could be configured to be more restrictive for Redcap UEs. For the preamble transmission, preamble partitioning or separate PRACH resources could be configured for Redcap, which could then if needed be made more restrictive than the counterparts for legacy UEs. However, as discussed in Section 2.4 above, preamble partitioning would not be desirable unless a separate initial access procedure would be required for Redcap for other reasons (e.g. if Redcap device BW in FR1 is much less than 20 MHz and a separate CORESET#0 is required). There are however other means to make the Random Access more restrictive for Redcap UEs. For example, configurating a lower number of maximal attempts or a longer back-off time for Redcap could be considered and could limit the negative performance impact on legacy UEs from the introduction of Redcap.
[bookmark: _Toc31716303][bookmark: _Toc40491431]Access restriction can be achieved by using Redcap specific PRACH configuration, or Redcap specific configuration of some RACH parameters. 

3	Conclusion
Based on the discussion in the previous sections we make the following observations: 
Observation 1	Unlike LTE, NR is not relying on UE categories to define a set of capabilities that a certain chipset implements.
Observation 2	It needs to be discussed if NR Redcap device types should be introduced or if it should reuse the UE capability framework (with new lower capabilities).
Observation 3	It is preferred to have at most one new initial access scheme and framework based on the least capable Redcap UE, should a new initial access scheme and framework need to be introduced.
Observation 4	More complex Redcap UEs (if any) can use either the legacy Initial Access (if capable) or the new Initial Access and then be configured appropriately after UE capabilities are known by the Network.
Observation 5	For battery life evaluations, a traffic model must be first defined in 3GPP
Observation 6	It is preferred to define few device types as possible, should the concept of “device type” is to be introduced.
Observation 7	Legacy identification procedure will make UE capabilities known to gNB before data transmission or service initiation.
Observation 8	If early indication of Redcap capability is required, indication in Msg1 or in Msg3 are the options.
Observation 9	Preamble partitioning or separate PRACH for the sole purpose of early Redcap capability indication should be avoided or at least not required.
Observation 10	The gNB can indicate in broadcast signalling (explicitly or implicitly) whether Redcap UEs are barred in the cell or not.
Observation 11	Unified Access Control can be reused and Access Categories or Access Identities for Redcap UEs could be used.
Observation 12	Access restriction can be achieved by using Redcap specific PRACH configuration, or Redcap specific configuration of some RACH parameters.

[bookmark: _In-sequence_SDU_delivery][bookmark: _Ref510504022][bookmark: _Ref510814820][bookmark: _Ref174151459][bookmark: _Ref189809556]References
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