3GPP TSG RAN WG2 #112-e
R2-2009933
Online, 2nd – 13th November 2020                                                       
Source: 
Huawei, HiSilicon
Title: 
Capability framework and constraining of RedCap UE
Agenda Item:
8.12.2.1
Document for:
Discussion and decision

1 Introduction
In the last RAN2 meeting, there were the following agreement and FFS about capability definition and constraining of RedCap UE:
	FFS:

1.
Whether reduction of upper layer capabilities should be considered is FFS (in any case no email discussion until the next meeting on this)
Agreements:

1.
At least for device type identification and access restriction (including initial access), the network needs to know whether the UE is redCap UE or not. FFS on whether based on explicit or implicit signalling.

2.
The existing UE capabilities framework is used as baseline to indicate the capabilities of a RedCap UE (this does not imply anything on the reporting of the device type, if the need for a device type will be agreed)

3.
The number of device types should be minimised, 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

4.
Discuss in normative phase on whether to signal (and in case how) a Device type and its associated capabilities (the reduced set of capabilities) is captured in specifications, and whether device type is indicated as part of UE capability;


In this contribution, we continue to discuss UE capability definition and constraining of RedCap UE.
2 Discussion
2.1 Capability framework

In the last meeting, the capability signalling framework for RedCap UEs was discussed and some agreements on basic principles were reached. There are consensuses that the RedCap UE should be identifiable to the network at least for device type identification and access restriction and the number of device types should be minimised. In this section, we focus on the UE type definition for RedCap devices and investigate some possible issues to be resolved.

2.1.1 UE types for RedCap
The number of RedCap UE types is still under investigation both in RAN1 and RAN2. According to previous discussions, most companies hold the view that one or two UE types are sufficient. In our view, one type is enough for RedCap in R17 from higher layer’s perspective. Main reasons are listed as follows.

One the one hand, a consensus has been reached that market fragmentation brought by an increasing number of UE types should be avoided. A segmented market with too many types of chipsets is not favourable for promoting the economies of scale and thus may have a negative impact on cost reduction in turn, which is an undesirable situation for RedCap. Although there are only three identified use cases for reduced capability devices till now, it is not beneficial to develop chipsets for each specific use case since it is very likely that new scenarios and requirements will emerge in the future and chipsets intended for limited use cases do not have high scalabilities. 

On the other hand, from the network identification point of view, there are no essential requirements to differentiate RedCap UE types. Regardless of specific capabilities, as long as a UE is a RedCap device, its capabilities are much lower than eMBB UE, which results in network performance degradation in terms of capability and spectrum efficiency. In addition, based on the current SID, Rel-17 RedCap UEs with different capabilities do not have significantly different impacts or requirements on access. Hence, there seems no strong motivation foreseen for the network to distinguish different types of RedCap devices. 

Observation 1: One type is enough for RedCap in Rel-17 considering market fragmentation, identification and access control aspects.

Therefore, with considerations on the above mentioned aspects, we propose to only introduce one UE type for RedCap devices in Rel-17. More types can be studied and introduced in future releases if needed.

Proposal 1: One UE type is defined for RedCap devices in Rel-17.

2.1.2 The relationship between UE types and capabilities

Given that the UE type concept is introduced for RedCap, one issue to be addressed is how to define the RedCap UE type. As stated in the SID, the RedCap (i.e. for industries, smart city innovations and wearables) intends to support a UE feature with lower end capabilities compared with Rel-16 eMBB and URLLC, thus there will be some basic capabilities which can be used to define, distinguish or verify RedCap devices. According to RAN1’s ongoing discussion on the detailed composition of such a set of capabilities, possible parameters can be bandwidth, Tx/Rx antenna number, UE processing capabilities, etc.

Observation 2: There are some basic capabilities for RedCap under discussion in RAN1, which can be used to distinguish or verify RedCap UEs from non-RedCap UEs.

Therefore, from our perspective, the RedCap UE type, once introduced, should correspond to the basic capabilities or the minimum capability set such that it will be clear what the RedCap is when referring to the RedCap UE type. Otherwise, the UE type would be a pure conceptual definition without a substantive role for marketing.

As for the approach to specify the relationship between the UE type and UE capabilities, it can be left to the WI phase for further discussion. Generally, there are two possible directions as follows.

· Option 1: basic capabilities are specified in the RedCap UE type definition

In this option, the associated capabilities or the minimum capability set are specified in the UE type definition thus the UE would not need to report these capabilities by the capability signalling. The UE type itself represents certain capabilities and other capabilities can be reported via the existing capability reporting procedure when necessary. For example, if it is concluded that the 20 MHz bandwidth is mandatory to be supported by RedCap UE, this capability can be captured in the UE type definition and the RedCap UE would naturally support this capability without explicit reporting.

· Option 2: the RedCap UE reports capabilities under restrictions defined for RedCap
In this option, the associated capabilities or minimum capability set are also specified but the UE type does not represent these capabilities. Instead, capability reporting restriction for RedCap is illustrated in specifications and the RedCap device should report its capabilities via the capability signalling based the corresponding constrains. Take the 20 MHz bandwidth capability as an example again, in option 2, it will be specified that the RedCap is mandatory to report supporting 20 MHz bandwidth and the UE should e.g., always report the bandwidth capability bitmap with the bit for 20 MHz set to 1 or use newly introduced capability parameters for indicating 20 MHz. Details can be discussed in the WI phase referring to RAN1 progress.

Proposal 2: The RedCap UE type is associated with certain basic capabilities or a minimum capability set. How to specify their association could be discussed in the WI phase.

2.1.3 Capability clarification for RedCap
Apart from the aforementioned basic capabilities associated with the RedCap UE type, there are numerous other capabilities in NR currently. For better protocol readability and to make it easier for the network and the UE to implement RedCap features, we think capabilities, especially capabilities which do not belong to the associated basic capabilities or minimum capability set, both applicable and inapplicable for RedCap UE should be clarified.

One possible way, similar to URLLC features, is to specify RedCap relevant capabilities or parameter values in existing clauses or capability parameter definitions correspondingly. For instance, what parameter values in current capabilities are applicable to RedCap UE. This approach, however, may not be optimal in terms of readability. Another potential way is specifying and clarifying capabilities which are newly introduced, applicable or inapplicable for REDCAP UE in a separate section in TS 38.306 such that what capabilities the REDCAP UE shall or may possess will be very straightforward.

Proposal 3: The applicability of existing capabilities (especially capabilities which are not associated with the REDCAP UE type) to REDCAP UEs should be clarified and clearly presented in specifications to avoid ambiguity. 
2.1.4 Reduction of upper layer capabilities 
In current specification, the capability of maximum number of DRBs is mandatory without signalling and it is constrained that 16 DRBs should be supported per UE in TS 38.306. The large number of DRBs to be mandatorily supported contributes to support multiple traffic types. However, according to the use cases of RedCap UE, the traffic types of RedCap UE will be limited. Moreover, the larger number of DRBs to be mandatorily supported will increase the cost of memory, which doesn’t match the original intention of introducing RedCap UE. Hence, it is proposed to consider to reduce the number of DRBs to be mandatorily supported for RedCap UE (e.g. mandatory 8 DRBs).

Proposal 4: Consider to reduce the number of DRBs to be mandatorily supported for RedCap UE (e.g. mandatory 8 DRBs).
2.2 Constraining RedCap UE only to be used for intended use cases
As understood, the requirements of RedCap services are higher than LPWA, but lower than URLLC and eMBB. In return, the RedCap UE will have lower cost and complexity than the normal eMBB UEs. Considering that RedCap UE has less number of antennas and lower processing capability, it is expected to consume more time-frequency resource than eMBB UE to reach the same data rate as discussed in our contribution [1]. To avoid the potential network performance degradation resulted from RedCap UE on eMBB service, it is necessary to provide some mechanisms to restrict RedCap UEs within the intended use cases when they attempt to access to the network. There are two potential directions to restrict RedCap UEs:
· Restricting the RedCap UE by core network (CN): CN could decide whether one device type is used for the intended use cases based on UE device type related information and UE’s subscription information. This decision depends on network operator’s strategy. Finally, the UE could be released or be configured PDU sessions with limited data rate if CN finds that it is not used for the intended use cases.

· Restricting the RedCap UE by gNB: gNB gets use case related information of RedCap UE first from CN or infers it based on UE reported properties (or type), and then gNB could determine its scheduling strategy suitable and compatible for RedCap UEs with low capability.

From the perspective of function splitting between RAN and CN, the traffic information is transparent to RAN and RAN schedules the UEs only based on QoS parameters (5QI) provided by CN. 5QI just provide some quantized KPI, e.g. data rate, latency, packet error rate, GBR or Non-GBR. Unless some special 5QI could be defined for the use cases of RedCap UE, it is difficult for RAN to identify the use case. Therefore, we prefer to let CN to ensure that the RedCap UE is only used for the intended use case. Details can be discussed in SA2 and CT1.

Proposal 5: Send LS to SA2 and RAN3 to ask potential solutions of constraining RedCap UE only to be used for the intended use cases.  
2.3 RAN2 impacts of reduction of UE capability

According to the SID of RedCap, some features such as bandwidth, RX/TX antenna number, etc. are considered to be reduced for RedCap UE and the coexistence with Rel-15 and Rel-16 UE should be ensured. In this section, we analyse the potential impacts of reduction of UE capability from RAN2 perspective. 
· Impacts on cell selection/ reselection procedure

During cell selection, UE needs to search potential SSB locations at sync raster if it have not any stored information on camping frequency. If UE finds a non-CD-SSB, the MIB in this non-CD-SSB may indicate frequency location of a near CD-SSB. However, according to the agreement in the last RAN2 meeting, it is allowed that network indicates one cell not supporting RedCap UE camping. Then, RedCap UE may jump to a CD-SSB in which there is no cell supporting RedCap UE. RedCap UE has to re-search available CD-SSB and this will increase additional power consumption. In addition, RedCap UE may find one cell/frequency doesn’t support RedCap UE after finishing cell re-selection evaluation. And then RedCap UE has to search another available cell/frequency. In this procedure, the power for neighbouring cell measurement is wasted and it introduces additional power consumption for RedCap UE for available cell search. Therefore, it is proposed to study impacts on cell selection/reselection for RedCap UE from perspective of power saving.
Proposal 6: Study impacts on cell selection/reselection for RedCap UE from perspective of power saving.
· Impacts on paging procedure

So far, there is still on any agreement whether RedCap UE and legacy UE will share same initial DL BWP. So, it is still not clear whether RedCap UE and legacy UE will share same paging resources. If the paging resources are shared between RedCap UE and legacy UE, RedCap UE may impact paging capability because of its large number. Moreover, legacy UE may lead to the false alarm of RedCap UE and this will increase the power consumption of RedCap UE. Furthermore, the SI change indicator may cause RedCap UE reading SIB1 but finds that the SIBs it concerns are not changed due to the fact that RedCap UE just concerns very small number of SIBs. This also leads to additional power consumption. Therefore, it is proposed to study impacts on paging if it is agreed that RedCap UE and legacy UE share same paging resources.
Proposal 7: Study impacts on paging if it is agreed that RedCap UE and legacy UE share same paging resources.
· Impacts on RRM/RLM measurements

In NR, UE mandatorily supports SSB-based RRM/RLM measurement and the SSB should be CD-SSB. According to RAN1 agreement in the last RAN1 meeting, 20M bandwidth should be a baseline for RedCap UE in FR1 and 50M/100M in FR2. To support CD-SSB based RRM/RLM measurement, one option is to configure UE’s active BWP overlapping CD-SSB. In this way, a large number of RedCap UE will have to crowd at the bandwidth near CD-SSB although this cell may have 100M bandwidth as illustrated in the figure below. Considering that the number of RedCap UE may be massive, the scheduling on bandwidth near CD-SSB will be much crowed and the interference from neighbour cells will be worsen.
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Although another option for RRM measurement is to using gap based RRM measurement, using gap will degrade the scheduling efficiency and waste radio resources. Therefore, we propose to study the impacts on RLM/RRM measurement due to reduction of bandwidth.
Proposal 8: Study the impacts on RLM/RRM measurement due to reduction of bandwidth.
3 Conclusion

In this contribution, we discussed UE capability definition for RedCap UE. Corresponding observation and proposals are listed as follows:

Observation 1: One type is enough for RedCap in Rel-17 considering market fragmentation, identification and access control aspects.
Proposal 1: One UE type is defined for RedCap devices in Rel-17.
Observation 2: There are some basic capabilities for RedCap under discussion in RAN1, which can be used to distinguish or verify RedCap UEs from non-RedCap UEs.

Proposal 2: The RedCap UE type is associated with certain basic capabilities or a minimum capability set. How to specify their association could be discussed in the WI phase.

Proposal 3: The applicability of existing capabilities (especially capabilities which are not associated with the RedCap UE type) to RedCap UEs should be clarified and clearly presented in specifications to avoid ambiguity.

Proposal 4: Consider to reduce the number of DRBs to be mandatorily supported for RedCap UE (e.g. mandatory 8 DRBs).
Proposal 5: Send LS to SA2 and RAN3 to ask potential solutions of constraining RedCap UE only to be used for the intended use cases.  
Proposal 6: Study impacts on cell selection/reselection for RedCap UE from perspective of power saving.
Proposal 7: Study impacts on paging if it is agreed that RedCap UE and legacy UE share same paging resources.
Proposal 8: Study the impacts on RLM/RRM measurement due to reduction of bandwidth.
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