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[bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
Reduced capability (RedCap) UEs in NR are currently being studied. Use cases for Redcap include industrial wireless sensors, video surveillance, and wearables. The main motivation for RedCap UEs is cost reduction compared to a URLLC/eMBB UE, but some use cases will also benefit from battery life improvement and device size reduction. The intention is to study a UE feature and parameter list with lower end capabilities, supporting FR1/FR2 bands for FDD and TDD.
RAN1 started the discussion on power savings for RedCap at RAN1#101-e and continued the work at Ran1#102-e, where the power savings evaluation methodology was completed.
In this contribution, we discuss several aspects related to power savings. Also note that in an email discussion, evaluation results are being collected. The results of our power savings evaluation were collected there and are not copied in this contribution.

Principles for RedCap power savings 
In general, energy efficiency of the device can relate to the support of efficient data transmission in a loaded case and low energy consumption when there is no data. A lot of work was done in the study of UE power savings, where quantification of the power savings achieved by different techniques was studied. As a first principle, we suggest reusing the work done for UE power savings as much as possible for RedCap UEs. In addition to minimizing the power consumption with the Rel-16 wake up/go-to-sleep mechanism, it is equally important to reduce the power consumption during the network access in RRC_CONNECTED mode.
Proposal 1: 
· The study of RedCap power savings reuses already standardized power savings mechanism as much as possible
[bookmark: _GoBack]
UE features for power saving
In [4] a wide variety of techniques was considered. The power savings of each technique were quantified. In this section, we examine each technique of [4] and evaluate whether it is worth supporting this technique for RedCap.
DRX adaptation
Rel-16 introduces wake up signaling to indicate whether the UE should wake up for the next Active time. If UE does not wakeup, the UE will not receive or transmit signals such as CSI-RS or SRS signals. The UE is not required to wake up at the DRX ON at least for PDCCH monitoring, if the power saving signal is not detected. The go-to-sleep signaling is used as the indication allowing the UE going back to sleep state after completion of PDSCH reception during the DRX ON period to further reduce the UE power consumption. If configured with power saving signal/channel, it indicates to wake-up or not before or at the beginning of DRX ON. Rel 16 NR Group DCI format 2_6 is used for notifying the power saving outside the DRX Active Time for one or more UEs. The benefits of such techniques were shown to be significant in [4]. Redcap devices may benefit from the wake up / go to sleep procedure for reduced power consumption. 
Proposal 2: RedCap UEs support DCI format 2_6
Cross slot scheduling 
With cross slot scheduling the UE is configured with minimum scheduling offset in an active DL BWP indicated by field in DCI format 0_1 and 1_1. As such the UE is not expected to be scheduled with DCI in slot n to receive a PDSCH with K0 smaller than the applicable minimum scheduling offset restriction K0min. Similarly, the UE is not expected to be scheduled to transmit PUSCH with K2 smaller than the applicable minimum scheduling offset restriction K2min. In general, it is recommended to support cross slot scheduling for RedCap devices to allow the terminals to consume less power during the time period it is not supposed to transmit or receive and to slower the PDCCH processing. 
Proposal 3: RedCap UEs support cross-slot scheduling
Adaptation of MIMO layers 
[bookmark: _Hlk39849668]With adaptation of MIMO layers, the maximum number of MIMO layers to be configured can be an efficient means to reduce power consumption. The same principle can be applied to the number of antennas. However, RedCap devices target low cost and in [1], we suggest limiting the number of receive antennas to 2 (FFS 1), and one TX antenna at a given time. See [1] for the detailed analysis. Within this framework, it can then be beneficial to study whether a UE can switch from two to one RX antenna under some conditions. 
Proposal 4: Study power savings benefits of switching from 2 to 1 RX antenna
Dormant BWP
Rel-16 introduces dormant bandwidth part BWP on SCell. The SCell has a number of BWPs which may be dormant - those BWP with no PDCCH configuration. With BWP switching mechanism a base station can indicate to the UE to switch from BWP to another which may be dormant BWP with no PDCCH configuration. In this case the UE does not monitor PDCCH for that SCell and the SCell becomes in dormant state. Dormant BWP requires the use of an SCell thus only applies for CA. While discussed at RAN1#102, whether to support CA is not concluded yet. Thus, the support of dormant BWP, or not, should be revisited later.
UE assistance information 
UE assistance was studied in the power savings SI and was shown to provide significant benefits. With UE assistance, the UE reports to the gNB some preferred parameters such as preferred BWP, preferred PDCCH configuration, etc. 
RedCap devices cover a wide variety of scenarios, and the requirements for a wearable are quite different for e.g., a stationary camera and a wearable device. Thus, it makes sense to consider UE assistance as a possibility to adapt to the considered scenario. It is unclear what needs to be studied on top of the work done in power savings, thus we suggest considering it as a second priority.
Proposal 5: UE assistance is considered with second priority

[bookmark: _Ref129681832]Reduced PDCCH monitoring by smaller numbers of blind decodes and CCE limits
The SID [2] includes the following as an objective: 
Study UE power saving and battery lifetime enhancement for reduced capability UEs in applicable use cases (e.g. delay tolerant) [RAN2, RAN1]: 
· Reduced PDCCH monitoring by smaller numbers of blind decodes and CCE limits [RAN1].
Reducing PDCCH monitoring comes at a risk: when fewer PDCCH candidates are monitored, there is increased blocking since the chances of overlap for two PDCCHS for two different UEs increase. This is problematic given the high reliability some services for Redcap UEs require (99.9% reliability for video). Besides, the gains of reduced PDCCH monitoring are relatively small: per TR38.840:
P(α) = α ∙ Pt + (1 – α) ∙ 0.7Pt
where α is the ratio of PDCCH candidates to the max number of PDCCH candidates in the reference configuration (α>0), Pt is the PDCCH-only power for same-slot scheduling.
A reduction of 50% of the number of candidates would thus only yield a 15% power reduction on the slots where the UE attempts to decode the PDCCH. The results are being collected in the spreadsheet in an email discussion [102-e-Post-NR-RedCap-01] should be between 0 and 15%.
 In addition, reducing the number of candidates has a severe impact on the blocking probability. Figure 1 shows the blockage probability of the PDCCH vs. the number of users for various number of blind decodings for configuration 2, where the aggregation level distribution is [0.1 0.2 0.4 0.2 0.1] for aggregation levels [1 2 4 8 16], corresponding to a ‘medium coverage’ case. As it can be seen, reducing the number of blind decoding severely impacts the blocking probability. Note that similar results were shown in [5]-[7] among others. Note also that similar trends are observed for other configurations. For instance, for configuration 1 (not shown on the figure), the blockage probability is <1% for 10 users and 100% of the blind decoding available, but nearly 5% for only 50% of the blind decoding available. Note also that whether 1RX or 2TX antennas, while affecting absolute numbers, does not affect the trends. 
[image: ]
Figure 1. Impact of the number of blind decodings on the probability of blockage.
It is clear that simply reducing the number of blind decoding is not an appropriate strategy, given that the power savings are relatively modest, but that the probability of blockage on the PDCCH can become drastically high. In addition, in order to get significant power savings, it is necessary to significantly reduce the number of blind decodings (e.g., a 50% reduction of blind decoding only yields a maximum power saving of 15% on the downlink). However, as pointed in [3], the gNB can already configure the number of blind decodes. Thus, the best approach for RedCap UEs is to not put restriction on the number of blind decodes, but to let the gNB configure the appropriate number of blind decodes, with the expectation that in low traffic conditions, the configured number of blind decodes would be low, and in high traffic conditions, a higher number of blind decodes would be configured in order to keep blocking probability low.
Proposal 6: 
· RedCap UEs do not have restrictions on the number of blind decodes (i.e., they can perform the same number of blind decodes as a Rel-16 UE)
· It is noted that the gNB can already configure the number of blind decodes for a UE
For Redcap UEs in high density environments, it is also desirable to reduce the power consumption associated with the PDCCH monitoring. One solution is to first reduce the number of slots where the UE monitors the PDCCH. This can be achieved by using the Rel-16 DRX adaptation mechanism and/or dynamic adaptation to traffic, especially if the traffic is periodic. Then, on slots where the UE must monitor the PDCCH, statistical power savings can be achieved. For instance, if the RedCap UE finds its PDCCH within the first 5 candidates it monitors, significant power savings can be achieved. This requires that the UE does not expect more than one DCI so that it can stop blind decoding attempts. This is already the case for a DCI with a CRC scrambled by e.g., an SI-RNTI or P-RNTI, etc. In addition, some rules can be defined to increase the chances of stopping PDCCH blind decode attempts early, such as: the UE starts PDCCH monitoring from the candidate PDCCH index that was the last one it received, or the first aggregation level to monitor is dependent on the link quality.
Proposal 7:
· A Redcap UE does not expect to process more than one DCI with the CRC scrambled by C-RNTI

Conclusions 
Power saving for Redcap was discussed.
We propose the following:
Proposal 1: 
· The study of RedCap power savings reuses already standardized power savings mechanism as much as possible
Proposal 2: RedCap UEs support DCI format 2_6
Proposal 3: RedCap UEs support cross-slot scheduling
Proposal 4: Study power savings benefits of switching from 2 to 1 RX antenna
Proposal 5: UE assistance is considered with second priority
Proposal 6: 
· Redcap UEs do not have restrictions on the number of blind decodes (i.e., they can perform the same number of blind decodes as a Rel-16 UE)
· It is noted that the gNB can already configure the number of blind decodes for a UE
Proposal 7:
· A Redcap UE does not expect to process more than one DCI with the CRC scrambled by C-RNTI
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