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1 Introduction

In RAN#86, a new study item was approved on the support of reduced capability NR devices, relative to Rel-15/16 eMBB and URLLC NR devices, to serve specific targeted use cases: industrial wireless sensors, video surveillance, and wearables. The study item description has been revised in RAN#88-e [1]. 
The motivation of this study is to bring 5G to reasonable pricing, allow refarming of 4G bands and allow expansion of NR in larger and new segments of the market. The study targets also IoT over 5G apps with capabilities ranging from Cat-1bis to Cat-4 LTE, above LPWA segment and below eMBB and URLLC. It is also noted that focus of the study is on SA mode and single connectivity.
One of the objectives of the study is to explore potential complexity reduction features suitable for the targeted use cases:

Identify and study potential UE complexity reduction features, including [RAN1, RAN2]: 

· Reduced number of UE RX/TX antennas

· UE Bandwidth reduction 

Note: Rel-15 SSB bandwidth should be reused and L1 changes minimized 

· Half-Duplex-FDD 

· Relaxed UE processing time 

· Relaxed UE processing capability 

Note1: The work defined above should not overlap with LPWA use cases. The lowest data rate and bandwidth capability considered should be no less than an LTE Category 1bis modem.

In the study, the use cases and assumptions should be consolidated and the possible solutions need to be studied and evaluated to identify the tradeoff between potential performance impact and cost/complexity reduction. Analysis should also consider the specific requirements (e.g. reference/peak data rate, latency, battery lifetime, reliability, connection density, etc.) of the different use cases as well as reference NR devices. In RAN1#101-e, the following agreements were made for a reference NR device in order to evaluate complexity reduction solutions for RedCap UE [2]:
Agreements:

The reference NR device for evaluation of cost/complexity reduction supports the following:

· All mandatory Rel-15 features (with or without capability signaling)

· Single RAT

· Operation in a single band at a time

· Maximum bandwidth: 
· For FR1: 100 MHz for DL and UL

· For FR2: 200 MHz for DL and UL

· Antennas: 
· For FR1 FDD: 2Rx/1Tx

· For FR1 TDD: 4Rx/1Tx

· For FR2: 2Rx/1Tx

· Power class: PC3

· Processing time: Capability 1

· Modulation: 

· For FR1: support 256QAM for DL and 64QAM for UL

· For FR2: support 64QAM for DL and 64QAM for UL

· Access: Direct DL/UL access between UE and gNB

Note: The study will consider impacts on the cost/complexity reduction from support of multiple RF bands within FR1 or FR2.
In this contribution, we provide our views on potential complexity reduction features for RedCap UE. 
2 UE bandwidth reduction
RAN1#101-e agreements [2]:
· For FR1, study at least 20MHz maximum UE bandwidth at least for initial access

· Other bandwidths FFS

· For FR2, study 50MHz and 100 MHz maximum UE bandwidth at least for initial access 

· Other bandwidths FFS

For FR1, it has been clarified in RAN#88-e that 20MHz maximum UE bandwidth only will be considered and no lower option (e.g. 10MHz, as suggested by some companies) will be studied. This decision seems sensible considering the study time saving from reduced options as well as that there will be no extra spec effort needed due to the expected problem of supporting the existing higher bandwidth configurations of CORESET for Type0-PDCCH at initial access. Furthermore, the 20MHz choice seems appropriate as it can satisfy the data rate requirement of all targeted use cases.
For FR2, we suggest to explore more the impact of 50MHz choice on supporting the >50 MHz bandwidth of SSB with 240kHz SCS which actually affects PBCH coverage as well as the higher bandwidth configurations of CORESET#0. Furthermore, it is still unclear how much less power consumption the 50MHz option can provide compared to higher bandwidth options. In general, we suggest keeping open for evaluation even additional bandwidth options for FR2 for now; however, in the end, we believe that all RedCap UEs should have same capability of maximum UE bandwidth support as it will simplify initial access design and complexity/performance analysis and give cost advantages from reduced production fragmentation.
Proposal 1: For FR2, one maximum UE bandwidth option should be selected for RedCap UE.

Furthermore, we believe that CA/SUL feature should also become of focus during the study to address the high-end wearables use case, as explained more in Section 6. Nevertheless, NR devices, as deployed today, support complex aggregation scenarios. Thus, CA/SUL, maybe also considered together with the maximum UE bandwidth aspect, should be assessed in the study to understand better the cost impact and reduction from current implementations.

3 Reduced number of UE antennas
RAN1#101-e agreements [2]:
· For FR1, study two antenna configurations for RedCap UEs, namely 1Rx/1Tx and 2Rx/1Tx.
· For FR2, study two antenna configurations for RedCap UEs, namely 1Rx/1Tx and 2Rx/1Tx.
Lower number of UE RX antenna panels or antenna elements per panel or transceiver branches, in FR1/FR2, is certainly a very drastic way to reduce UE complexity and cost. For FR1, going from 4RX branches to 2RX branches will reduce every related part (antennas, RF/BB receiver chains) by a factor of two. However, the high target data rates along with the impact on receiver gain should be also heavily considered to drive decisions for antenna reduction. 

Considering a ~7dB degradation by moving from 4Rx to 1Rx branch (assuming ~3dB sensitivity loss for each antennas halving step, and loss due to no possible receive multiplexing when moving from 2Rx to 1Rx branch, it seems more sensible to just limit RedCap UE support on 2RX branches for all bands (compared to NR reference UE which requires support of 4RX branches in n7/38/41/77/78/79 bands); as was also agreed for the NR-V2X case. This will ensure minimum coverage in a less troublesome way but more importantly it will ensure good (at least as good as LTE) perceived quality of experience for users and not endanger the position of NR as a universally better technology.
For the considered use cases of the study item, we do not think that the form factor justifies a requirement to move to 1 antenna and 1RX branch respectively. Especially for FR2, form factor should not be an issue to justify need for 1RX. In that frequency range, it should be examined deeper instead how antenna configuration affects complexity and cost considering also the specifics of each use case, e.g. fixed location mounted sensors vs. mobile wearables. In FR1, 2RX in combination with 20MHz BW will give a good balance between the device cost and the data rate requirements for all use cases defined in the SID, while it will be a must to satisfy high-end devices requirements of e.g. 150Mbps DL peak rate. It will also minimize spec impact in terms of new demodulation/RF/RRM requirements. And again, having all RedCap UEs with same capability on number of RX antenna support will be beneficial from complexity/performance analysis point of view and will also provide cost advantages from reduced production fragmentation.
Considering the above, we have the view that 2RX configuration should be considered with higher priority in the study for NR RedCap devices for both FR1 and FR2.

Proposal 2: For both FR1 and FR2, 2RX antenna should be considered with higher priority in the study for NR RedCap UE.
4 HD-FDD
RAN1#101-e agreements [2]:
· Study HD-FDD operation Type A and Type B (as defined in LTE) in RAN1, where study of Type A is prioritized.
The advantage of HD-FDD for reducing device cost lies mainly into the fact that UE does not need to perform transmission and reception at the same time, thus, using switch instead of duplexer filter(s). Also, lower provisioning of baseband module will give benefits. Type B operation may have the additional advantage of using one oscillator due to large transition time between transmission and reception. 

On the other hand, HD-FDD will put limitation on latency, but also lead to data rate, and it needs to be investigated if complexity reduction justifies its support specifically for RedCap UE. More specifically, HD-FDD will introduce scheduling constraints to URLLC services and safety sensor use case has strict latency requirements of 5-10 ms which seems difficult for a HD-FDD device to meet. Regarding data rate, Rx/Tx transitioning process in HD-FDD leads to throughput loss and may prove problematic to fulfill the data rate requirements of high-end wearables (e.g. 50/150 Mbps peak bitrate in UL/DL) without relying on high modulation order, MIMO and/or carrier aggregation capability. Furthermore, although previous LTE MTC study [36.888] showed no loss in coverage for HD-FDD, this conclusion was under the assumption of delay-tolerant traffic. It needs to be clarified whether VoIP will be in the evaluation scenarios for RedCap UE, as this is one case of delay sensitive traffic, and potential coverage impact in that case may need to be further studied. Finally, we should note that HD-FDD benefits are limited to operation in FR1 where FDD bands are only defined.
Considering the above, we prefer that the study on HD-FDD will start with investigating these justification issues first, assuming operation Type A and B as defined in LTE, and not invest unnecessarily too much time on further feature details yet. This is especially for the case of Type B where higher constraint will be introduced and is more appropriate for eMTC intended use cases; however, we suggest to follow similar procedure for Type A as well, i.e. clarifying first performance impact and whether cost/complexity benefit is justifiable. The brought benefits will need to be compared with evaluated cost reductions from other, less impacting, techniques.
Proposal 3: For HD-FDD operation study, focus first on clarifying performance impact and comparing expected benefits with other, less impacting, complexity reduction techniques.

5 Relaxed UE processing time
RAN1#101-e agreements [2]:
· For UE complexity reduction through relaxed UE processing time, study a more relaxed UE processing time in terms of N1/N2 compared to capability #1.

Relaxing PDSCH decoding time and/or PUSCH preparation time at UE side can also reduce UE complexity. In previous meeting, it was agreed to study a more relaxed time compared to capability #1 which is specified for these two data processing procedures. N1/N2 timing refers to decoding/preparation timing, in symbols, and they are SCS dependent in legacy NR. In general, UE processing time relaxation can lead to reduced baseband complexity. This reduction can possibly lead to less power consumption at BB; however, the potentially increased time in active state for the UE may reduce or even overthrow this benefit. Thus, we need to provision for the evaluation of the energy saving/consumption impact at UE due to relaxed processing time.
Relaxed UE processing time will also result into increased transmission/reception latency. The impact on achieving the targeted use cases latency requirements, especially for the safety related sensors with 5-10ms requirement, has to be taken into account. We should study more to understand if/what could be the limits for such relaxation; effect on initial transmission should be definitely analyzed but, maybe more importantly, we need to understand the level of retransmissions that can be supported, as the increase on N1/N2 timings will be accumulated in that case. Limited number of retransmissions will mean limited possibility to coverage recovery from other complexity reduction features such as reduced number of UE antennas.
N1/N2 relaxation should be also evaluated together with PDCCH monitoring relaxation, to clarify joint gain and impact, or if there is conflict. Major part of overall transmission latency has to do with N1/N2 timings, however, it also includes PDCCH processing time in any case, i.e. PDCSH or PUSCH transmission. If PDCCH monitoring is relaxed, reducing capability #1 may not give the same complexity reduction benefit. Another aspect to study more on this is the latency impact in case of jointly employing these two features.
Proposal 4: For relaxed UE processing time in terms of N1/N2, consider the impact on UE energy efficiency, latency and coverage recovery limitations, and conflict with PDCCH monitoring relaxation feature.
Furthermore, if N1/N2 timing is agreed to be relaxed, we think that evaluations for processing time capability #2 will also be useful to at least get a good idea on cost/complexity reduction that can be achieved when moving to capability #1. It could be useful to have a comparison of impact when moving from capability #2 to #1 versus moving from capability #1 to the more relaxed capability. 
Finally, if N1/N2 timing is relaxed, we need to also study additional relaxation time to have coherent processing times in the UE. Also, complexity reduction benefits can also come from relaxation to UE reporting times, e.g. CSI reporting, and maybe this is something worth studying more later on.

6 Relaxed UE processing capability
The somewhat relaxed requirement of the targeted use cases for RedCap UE, compared to Rel-15 and Rel-16 eMBB and URLLC scenarios, may allow for other relaxed UE processing capabilies, apart from bandwidth reduction that has been discuss before.

· Modulation order, TBS and BWP configuration: Restricting modulation order, TB size, or PRBs, can give cost/complexity reduction in both BB and RF part of the UE. Considering that the lowest data rate and bandwidth capability for Redcap devices should not be lower than Cat-1bis UE, and that 20 MHz is the maximum RedCap UE bandwidth for FR1, 64QAM/16QAM in DL/UL for RedCap UE seems to be at least required. It will be useful to understand the potential cost/complexity reduction that can be achieved by restricting the maximum modulation from 256QAM to 64QAM, considering that this modulation order generally introduces strict RF requirements on the UE, but also from 64QAM to 16QAM.
· MIMO and CA: For high-end wearables targeted use case, the required DL peak rate is up to 150 Mbps and UL peak rate is up to 50 Mbps. Considering again 20MHz for FR1 and 64QAM in DL, it is evident that MIMO and/or CA capability is needed to achieve the DL peak rate. The situation is even more crucial in case less than 64QAM is supported or for TDD where it is needed to support not very heavy DL-oriented TDD configurations. In that case, 2-layer MIMO together with CA will be needed for the high-end wearable. Since intra-band CA may not be so intrusive to UE implementation and pose lower RF challenges, it has to at least be studied for that case. In general, restriction on number of MIMO layers, maximum number of CC and CC configuration (intra- vs. inter-band) could be studied to understand better their cost impact and reduction from currently deployed implementations. In order to perform such evaluation, reference NR device has to be updated to include CA capability.
Observation 1: To address the high-end wearables use case requirements, RedCap UE supporting MIMO and at least intra-band CA is required.

Proposal 5: For relaxed UE processing capability evaluation, update reference NR device to include option of CA capability.

· PDCCH decoding: Relaxing the maximum number of BDs and/or CCEs requiring channel estimation per slot can reduce complexity at UE, especially BB processing for PDCCH. Faster PDCCH decoding will also improve UE power consumption as it will be possible to spend more time in microsleep state. The effect on gNB scheduling flexibility and blocking probability should be examined though. Furthermore, the effect of restricting supported ALs on PDCCH coverage, especially for lower bandwidth options in FR2, e.g. 50 MHz, has to be considered to evaluate accurately this potential solution of relaxed PDCCH decoding.
In addition to the above aspects, CSI measurement / feedback and simplified beam management could be considered for study, however, not as first priority.
7 Conclusion
In this contribution, we provide views on aspects of the study regarding complexity reduction. We reach to the following proposals:  

Proposal 1: For FR2, one maximum UE bandwidth option should be selected for RedCap UE.
Proposal 2: For both FR1 and FR2, 2RX antenna should be considered with higher priority in the study for NR RedCap UE.
Proposal 3: For HD-FDD operation study, focus first on clarifying performance impact and comparing expected benefits with other, less impacting, complexity reduction techniques.

Proposal 4: For relaxed UE processing time in terms of N1/N2, consider the impact on UE energy efficiency, latency and coverage recovery limitations, and conflict with PDCCH monitoring relaxation feature.
Observation 1: To address the high-end wearables use case requirements, RedCap UE supporting MIMO and at least intra-band CA is required.

Proposal 5: For relaxed UE processing capability evaluation, update reference NR device to include option of CA capability.
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