3GPP TSG RAN WG1 Meeting #101-E					    	 R1-2003770
e-Meeting, May 25th – June 5th, 2020

Source:	Intel Corporation
Title:	On potential UE complexity reduction features
Agenda item:	8.3.1
[bookmark: DocumentFor]Document for:	Discussion and Decision
1 [bookmark: _Ref40465791]Introduction
At RAN plenary meeting #86, a study item (SI) for the support of reduced capability NR devices was agreed, the following objectives related to UE complexity reduction were identified for the SI [1]:
Identify and study potential UE complexity reduction features, including [RAN1, RAN2]: 
· [bookmark: _GoBack]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 capability considered should be no less than an LTE Category 1bis modem.

The following use cases have been prioritized by 3GPP RAN for upcoming Rel-17 studies on potential introduction of reduced capability (RedCap) NR UEs [1]: 
	· Industrial wireless sensors: Reference use cases and requirements are described in TR 22.832 and TS 22.104: Communication service availability is 99.99% and end-to-end latency less than 100 ms. The reference bit rate is less than 2 Mbps (potentially asymmetric e.g. UL heavy traffic) for all use cases and the device is stationary. The battery should last at least few years. For safety related sensors, latency requirement is lower, 5-10 ms (TR 22.804)

· Video Surveillance: As described in TS 22.804, reference economic video bitrate would be 2-4 Mbps, latency < 500 ms, reliability 99%-99.9%. High-end video e.g. for farming would require 7.5-25 Mbps. It is noted that traffic pattern is dominated by UL transmissions.

· Wearables: Reference bitrate for smart wearable application can be 10-50 Mbps in DL and minimum 5 Mbps in UL and peak bit rate of the device higher, 150 Mbps for downlink and 50 Mbps for uplink.  Battery of the device should last multiple days (up to 1-2 weeks).




In this contribution, we present our views on the overall targets for the study towards defining RedCap NR UEs and as well as initial considerations on the above-identified complexity reduction features.
2 Reduced number of UE RX/TX antennas

For the prioritized use cases for RedCap UEs quoted in Section 1, the device cost and complexity, form factor, and power consumption compared to high-end eMBB and URLLC devices of Rel-15/Rel-16 are expected to be much lower. To this end, RedCap devices may not require the support of enhanced MIMO operation. In Rel15, for single CC standalone NR, it is mandatory with capability signalling to support at least 4 MIMO layers in the bands where 4Rx antenna support is specified as mandatory for the given UE and at least 2 MIMO layers in FR2.  This requirement can be simplified for RedCap UEs.
In our view, for FR1, 1 and 2 antennas for 700MHz band and NR bands respectively in DL and 1 antenna for UL can be considered as reasonable simplification in reduction of UE Rx/Tx antennas. Maximum number of MIMO layers can be limited to 1.
Moreover, number of CSI-RS antenna ports to be 8 is mandatory in FR1, which can be relaxed as well. Similarly, number of CSI reports that can be processed simultaneously can be lower than 5 which is the minimum according to Rel15 operation. CSI computation delay can be further relaxed compared to Rel15 taking device complexity into consideration. On the other hand, RedCap UE may support single port SRS only and may not support SRS Tx port switching. 
Considering relatively stationary and low complexity devices, we do not see strong need for dynamic update of TCI state for PDCCH and PDSCH. Redcap UE may maintain one active TCI state for PDCCH and may assume DMRS of PDSCH has same TCI state as the DMRS of PDCCH. In other words, RedCap UE may not expect dynamic indication of TCI state for PDSCH in a DCI.
Taking these considerations into account, we have the following proposal.
Proposal 1:  
· Further discuss on support of the following for simplification of MIMO operation for RedCap UEs
· Up to 2 antennas in DL and 1 antenna in UL for RedCap UEs
· One transmission layer in DL and in UL
· Reduced number of CSI-RS antenna ports and number of parallel CSI report processing compared to Rel15
· Relax CSI computation delay compared to Rel15
· No dynamic indication of TCI state for PDCCH and PDSCH. 
3 UE Bandwidth reduction
As can be observed from the identified use cases, there is a significant variance in the values of the required bit rates across the different use cases – from 2 Mbps (reference data rate) to 150 Mbps (peak data rate) for DL, and from 2 Mbps (reference data rate) to 50 Mbps (peak data rate) for UL. Here, it should be noted that the comparison includes “reference” as well as “peak” bit rate requirements. 

From the perspective of determination of UE minimum channel BW support, peak data rates are more appropriate, especially in establishing the higher-ends of the spectrum of data rate requirements. 

Assuming a maximum modulation order of 64-QAM in the DL and UL, and under some typical assumptions of overhead (OH) factors for control channels of 8% and 14% for DL and UL respectively, the achievable peak DL and UL throughput for different channel BWs and subcarrier spacing (SCS) values are summarized in Table 1. 

Table 1: Peak DL/UL throughput in FR1 for different channel BW and SCS combinations for single MIMO layer Tx/Rx
	Channel BW (MHz)
	SCS (kHz)
	Peak DL throughput (Mbps)
	Peak UL throughput (Mbps)

	5
	15
	20
	22

	10
	15
	42
	44

	10
	30
	38
	42

	15
	15
	64
	68

	15
	30
	60
	66

	20
	15
	86
	92

	20
	30
	82
	88

	40
	15
	174
	186

	40
	30
	170
	182



Next, considering the desirability to reuse the Rel-15 synchronization signal block (SSB) design for RedCap NR UEs, the minimum supported channel BW should be at least 5 MHz (if only considering 15 kHz SCS) and 10 MHz (if considering 15 kHz and 30 kHz SCS). 
However, as can be seen from the above, even with 20 MHz channel BW, the required peak rates for DL are not satisfied. On the other hand, the requirement of 40 MHz channel BW support would significantly undermine the value of defining RedCap UEs.  
Thus, there can be two general approaches considered to address the wide range of peak rate requirements instead of defining the requirements for the most demanding use case for all:
· Opt. 1: Define multiple different UE min channel BW requirements, e.g., 5 or 10 MHz, 20 MHz, and 40 MHz.
· Opt. 2: Define a single UE min channel BW requirement with a scalable framework based on optional support of carrier aggregation (CA), e.g., 10 MHz or 20 MHz with optional support of CA with limited number of DL CCs
Between these two options, the second option may be more attractive, not only from perspective of specification considerations (complexity and scalability), but also attractive for device implementations in terms of allowing a certain level of modularity in supporting a wide range of data rate requirements that is offered by a CA framework. However, the CA framework should be simplified significantly compared to Rel-15 NR (there is no justification to support up to 16 CCs, could be limited to intra-band CA only, etc.), and should be limited to DL only (a minimum UE channel BW of 20 MHz can satisfy the most demanding UL peak rate requirements).  
Another dimension that can offer scalability of data rates is via support of more than single layer reception (for the DL). However, unlike DL CA, this option in itself may not offer the option of modular implementations to cater to different use cases.  
Proposal 2
· For RedCap NR UEs, UE minimum channel BW should be at least 5 MHz, preferably at least 10 or 20 MHz.
· To address a wide range of peak data rate requirements especially for DL, RAN1 to consider defining a single UE minimum channel BW requirement with a scalable framework based on optional support of simplified CA
· The CA feature may be limited to DL and intra-band CA.
Depending on the minimum UE channel BW defined, there can be significantly adverse impact to scheduling for the gNB scheduler as the size of the initial DL BWP would effectively be restricted compared to Rel-15 configurations. This can lead to significant congestion in the initial DL BWP even from common control itself, especially if the minimum UE channel BW is rather small, e.g., 5 or 10 MHz, and considering that number of UEs may be quite large in various uses cases, like ISWN, thereby increasing the load from common control transmission itself (for paging and random access). Considering such scenarios, it may be worthwhile to study further mechanisms that can allow a network to offload at least some common control for RedCap NR UEs to alternate DL BWP(s), different from the initial DL BWP defined by the MIB. 
Observation 1
· Due to the relationship between the minimum UE channel BW for RedCap UEs and the size of initial DL BWP, it can be severely limiting for the gNB scheduler in managing load on the initial DL BWP compared to Rel-15 configurations.
· If the minimum UE channel BW for RedCap NR UEs is rather small, it may lead to severe congestion in the initial DL BWP configured by MIB just from common control transmissions.
· In such cases, it may be worthwhile to investigate mechanisms that can allow the network to offload some common control for RedCap NR UEs to other DL BWPs.
4 Half-Duplex-FDD
Half duplex operation is one way to reduce the cost or complexity of FDD UE, since the duplexer is not needed at all. Half duplex operation is already supported in NR Rel-15 with limited specification. In brief, the conflicting DL reception and UL transmission, i.e. without sufficient switching time is considered as an error case. A RedCap UE, due to the further reduced complexity, may end up with more restrictions on the half duplex operation. Therefore, it should be investigated if there is any meaningful enhancement to be specified for the better support of a HD-FDD UE. 
To reduce the complexity, it is expected that a longer period for DL-to-UL switching and UL-to-DL switching may be used, which, if significantly relaxed, may have impact on the processing time or preparation time constraints on various kinds of DL or UL channels/signals. A gap of exactly the switching time may be applied between a DL reception and a UL transmission at UE side. Alternatively, a slot or several symbols are emptied before or after a DL or UL transmission which relaxes the requirement of switching time. 
It may be up to gNB scheduling/configuration to guarantee that there is no conflict between DL reception or UL transmission at UE side. NR support flexible start and length of a PDSCH or PUSCH, which could be exploited for PDSCH and PUSCH resource allocation targeting high resource efficiency. However, if PDSCH or PUSCH repetitions are considered to compensate the link performance due to the use of small bandwidth, low number of Tx/Rx antennas and other impacts of UE capability reduction, it may not be easy for gNB to always avoid the conflict. In this case, a mechanism to handling conflict of DL reception or UL transmission is needed. A simple solution is desired which is a basic design principle for RedCap UE. 
In general, half duplex operation and the necessary guard period may cause throughput loss for a HD-FDD UE, further study should target to compensate the throughput loss by mitigating the impact of guard period.  

Proposal 3
· The guard period for DL-to-UL and UL-to-DL switching may be relaxed compared to the minimum Rx-to-Tx and Tx-to-Rx switching times defined in Rel-15 for a UE not supporting full-duplex communication.
· The impact of guard period or DL-to-UL or UL-to-DL switching time should be investigated.
· A scheme to handle conflict of DL reception and UL transmission at UE side needs to be studied for scenarios in which conflicts with guard periods may not be addressed by gNB scheduling without severe scheduling restrictions. 
5 Relaxed UE processing time
The default values of the minimum UE processing times defined in Rel-15 NR for PDSCH processing and PUSCH processing are reproduced in Tables 2 and 3 below.

Table 2: PDSCH processing time for PDSCH processing capability 1 [2]
	

	PDSCH decoding time N1 [symbols]

	
	dmrs-AdditionalPosition = pos0 in 
DMRS-DownlinkConfig in both of 
dmrs-DownlinkForPDSCH-MappingTypeA, dmrs-DownlinkForPDSCH-MappingTypeB
	dmrs-AdditionalPosition ≠ pos0 in 
DMRS-DownlinkConfig in either of 
dmrs-DownlinkForPDSCH-MappingTypeA, dmrs-DownlinkForPDSCH-MappingTypeB 
or if the higher layer parameter is not configured 

	0
	8
	N1,0

	1
	10
	13

	2
	17
	20

	3
	20
	24



Table 3: PUSCH preparation time for PUSCH timing capability 1 [2]
	

	PUSCH preparation time N2 [symbols]

	0
	10

	1
	12

	2
	23

	3
	36



As can be seen from the above, comparing for 15 kHz SCS, the UE minimum processing times based on Capability 1 are at least six times more aggressive than their LTE counterparts at 4 ms. For RedCap NR UEs, the requirements allow for much slower processing and thus, the requirements should be relaxed accordingly. 
Thus, a new set of values that may be about two to four times of Capability 1 processing times can should be considered as a starting point. With further simplifications to PDCCH monitoring requirements, such considerations can help relax the demands on UE complexity for overall processing pipelines. 
Similarly, assuming A-CSI is supported by RedCap UEs, adjustments to CSI processing timelines are warranted. The “fast CSI feedback” requirements are neither necessary nor desirable for use cases targeted for RedCap UEs. This should include simplifications (reductions) to the number of CSI processes (also referred to as CSI processing units (CPUs), the number of ports in a CSI-RS resource, etc. For A-CSI feedback (if supported), relaxations to processing times for CSI processing should consider the minimum gaps between A-CSI trigger in the DCI format and the CSI-RS resource, as well as from the CSI-RS to the PUSCH start.

Proposal 4
· RAN1 to further study on defining a new set of minimum UE processing times for PDSCH processing and PUSCH preparation
· New values that are at least two to four times of the current Capability 1 values should be considered as a starting point.
· RAN1 to further study on relaxing requirements for A-CSI processing including CSI processing timeline relaxations and reduction in minimum number of CSI processes (CPUs), number of ports in a CSI-RS resource, etc.
6 Relaxed UE processing capabilities
The primary focus in identifying relaxations to various UE processing capabilities should be on features that are mandatory for Rel-15 UEs. 
While various simplifications to physical control and data channel procedures can be envisaged, efforts should focus on characteristics that can provide meaningful benefits in terms of facilitating complexity reduction and power consumption reduction for RedCap NR UEs.
In this regard, we present a summary of some important features to relax the UE processing capabilities:
· Maximum modulation order
· It would be appropriate to limit maximum modulation order for RedCap NR UEs at 64-QAM for DL and UL. Thus, the default 64-QAM MCS tables should be supported.
· Considering coverage requirements, it may be worthy to consider support of the low SE 64-QAM MCS tables or possible simpler adjustments to the default 64-QAM MCS table to include SE values lower than 0.2344 (lowest SE for default 64-QAM MCS table)
· UL waveform
· RedCap NR UEs should not be required to support CP-OFDM for UL. 
· If RedCap UEs may not be identified by the network at the time of PRACH transmission itself, then a network serving RedCap UEs should not configure CP-OFDM as a default UL waveform in RMSI. 
· BWP operation
· A simplified framework, e.g., involving only RRC-based switching with very limited number of BWPs that may be configured in addition to the initial DL BWP may be sufficient for RedCap UEs.
· Simultaneous reception
· The currently mandatory requirements on simultaneous reception of broadcast and unicast PDSCHs in FR1 or simultaneous reception of two broadcast PDSCHs should be relaxed for RedCap UEs. 
· Prioritization between physical channels
· It can be quite typical that RedCap UEs need to support DL SPS and CG PUSCH. However, it is not necessary to support prioritization of dynamically assigned or granted PDSCH or PUSCH respectively over their configured occasions as is defined in Rel-15 NR. Support of such prioritization impose severe demands on UE implementation involving interruptions in the processing pipeline. For RedCap UEs, such optimizations may not be necessary, and thus, could be forgone in favor of simplifying UE implementation.
· Simplifications to PDSCH rate-matching requirements
· Reserved resources and rate-matching of PDSCH around such resources imposes significant burden on UE implementation. However, this is a feature critical for both DSS as well as forward compatibility requirements. Thus, means of supporting the functionality with reduced complexity demands on the UE should be considered for RedCap NR UEs.
· In particular, instead of applying rate-matching, RedCap UEs may receive PDSCH by performing “receiver side puncturing” on the indicated resources. Further, such PDSCH reception by avoiding reserved resources should be limited to semi-static configurations only. Only PDSCH reception that may overlap with scheduling PDCCH may be supported as an example of dynamic mapping. 

Proposal 5
· RAN1 to focus on simplifying features that are mandatory for Rel-15 NR UEs.
· RAN1 to focus on simplifying features that can provide meaningful benefits in complexity and power consumption reduction. As a first step, the following aspects should be studied further:
· Restricting maximum modulation order for DL and UL to 64-QAM
· Restricting UL waveform to DFT-S-OFDM only
· Simplified BWP operation
· No support of simultaneous reception 
· No support of prioritization of dynamically scheduled PDSCH/PUSCH over SPS/CG PUSCH occasions respectively
· PDSCH reception with receiver side puncturing on configured reserved resources
7 Conclusions
In this contribution, we presented our views on potential complexity reduction techniques that should be considered further for defining RedCap NR UEs.
Based on the presented discussion, our views can be summarized via the following proposals and observation.
[bookmark: _Ref7850160][bookmark: _Ref7850250]Proposal 1:  
· Further discuss on support of the following for simplification of MIMO operation for RedCap UEs
· Up to 2 antennas in DL and 1 antenna in UL for RedCap UEs
· One transmission layer in DL and in UL
· Reduced number of CSI-RS antenna ports and number of parallel CSI report processing compared to Rel15
· Relax CSI computation delay compared to Rel15
· No dynamic indication of TCI state for PDCCH and PDSCH. 
Proposal 2
· For RedCap NR UEs, UE minimum channel BW should be at least 5 MHz, preferably at least 10 or 20 MHz.
· To address a wide range of peak data rate requirements especially for DL, RAN1 to consider defining a single UE minimum channel BW requirement with a scalable framework based on optional support of simplified CA
· The CA feature may be limited to DL and intra-band CA.
Observation 1
· Due to the relationship between the minimum UE channel BW for RedCap UEs and the size of initial DL BWP, it can be severely limiting for the gNB scheduler in managing load on the initial DL BWP compared to Rel-15 configurations.
· If the minimum UE channel BW for RedCap NR UEs is rather small, it may lead to severe congestion in the initial DL BWP configured by MIB just from common control transmissions.
· In such cases, it may be worthwhile to investigate mechanisms that can allow the network to offload some common control for RedCap NR UEs to other DL BWPs.
Proposal 3
· The guard period for DL-to-UL and UL-to-DL switching may be relaxed compared to the minimum Rx-to-Tx and Tx-to-Rx switching times defined in Rel-15 for a UE not supporting full-duplex communication.
· The impact of guard period or DL-to-UL or UL-to-DL switching time should be investigated.
· A scheme to handle conflict of DL reception and UL transmission at UE side needs to be studied for scenarios in which conflicts with guard periods may not be addressed by gNB scheduling without severe scheduling restrictions. 
Proposal 4
· RAN1 to further study on defining a new set of minimum UE processing times for PDSCH processing and PUSCH preparation
· New values that are at least two to four times of the current Capability 1 values should be considered as a starting point.
· RAN1 to further study on relaxing requirements for A-CSI processing including CSI processing timeline relaxations and reduction in minimum number of CSI processes (CPUs), number of ports in a CSI-RS resource, etc.
Proposal 5
· RAN1 to focus on simplifying features that are mandatory for Rel-15 NR UEs.
· RAN1 to focus on simplifying features that can provide meaningful benefits in complexity and power consumption reduction. As a first step, the following aspects should be studied further:
· Restricting maximum modulation order for DL and UL to 64-QAM
· Restricting UL waveform to DFT-S-OFDM only
· Simplified BWP operation
· No support of simultaneous reception 
· No support of prioritization of dynamically scheduled PDSCH/PUSCH over SPS/CG PUSCH occasions respectively
· PDSCH reception with receiver side puncturing on configured reserved resources
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