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[bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
A 3GPP Rel-17 work item for reduced capability (Redcap) devices was approved in [1]. Among the objectives, the scope of this WI includes specifying support for five UE complexity reduction features (reduced maximum bandwidth, reduced minimum number of Rx branches, maximum number of DL MIMO layers, relaxed maximum modulation order, and half duplex operation). The appendix captures the aspects of the features.
Extensive studies to analyze the benefits of reduced capabilities in terms of complexity reduction, power savings, coverage recovery, and identification were captured in [2]. In addition, co-existence with legacy devices and specification impact were also captured.
In this contribution, discussions and proposals how to incorporate these features in terms of standardization and system performance are provided. 
Discussion
Reduced UE Bandwidth
In the objectives of the WID [1], the maximum bandwidth is 20 MHz before and after initial access for FR1, and the maximum bandwidth is 100 MHz for FR2. In [2], the analysis of the impact (clause 7.3.5) is
“At least the UE bandwidth reduction options 20 MHz in FR1 and 100 MHz in FR2 are expected to have small specification impacts. With proper configurations of RRC parameters and support of early indication of RedCap UE, the network may be able to support RedCap UE bandwidth reduction with minor or no additional specification changes”.
One possible impact is incorporating possibly the device type and capabilities according to the agreements in RAN2#111 [4]:
· “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”, 
· “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” 
For example, if early identification is supported, small changes may be needed for RACH. In addition, several procedures that assumed the non-reduced bandwidth and other features may need modification for coexistence reasons. For example:
· With a reduced bandwidth, the network may have to avoid congestion in the initial access process to reduce the congestion due to RedCap devices. This may involve modifying procedures (initial BWP) and configurations. 
· For FR2, for certain SSB/CORESET multiplexing patterns, how a RedCap UE acquires SSB and SIB1 may need to be modified [2]. However, with network configuration, that modification may not be necessary.
Observation 1: for reduced bandwidths of 20 and 100 MHz, no standardization is required, other than informing the gNB that the UE has RedCap UE capabilities (i.e., bandwidth value 20MHz for FR1 and 100MHz for FR2). 
Reduced minimum number of antennas
The summary in [2] indicated that RedCap UEs and legacy UEs can co-exist. But there may be potential impact for receiving broadcast channels (SIBs, Msg2), PBCH / SSB, and PDCCH when a UE is expected to monitor a common search space for DCI scrambled with certain RNTIs. 
Examining the specification impact for a UE reducing from 2 antennas to 1
It was noted that receiving the PBCH / SSB was not a limiting factor. For other channels, a base station may use conservative treatment with the aggregation level for the PDCCH and lower MCS for certain broadcast channels to ensure reliable communications for Redcap UEs. Other options for conservative treatment can include:
· Directing that RedCap UE to monitor DCIs with a different aggregation level. Those DCIs can assign resources with lower MCS for 1Rx RedCap UEs. 
· Using different resources for RedCap and normal UEs
· Ensuring that better coding (i.e., FBRM UE capability) is available for RedCap UEs during initial access (both DL and UL).
However, conservative treatment can increase the amount of resources for RedCap UEs compared to non-RedCap (“normal”) UEs. This increase in resources may not be justified when the network does not know whether RedCap UEs are present. Thus, early identification can enable conservative treatment on a “on-demand” basis. For the work item, evaluating options for early identification and conservative treatment is needed.
Proposal 1: RAN1 shall evaluate options for early identification and conservative treatment during initial access.
Examining the specification impact for a UE reducing from 4 antennas to either 2 or 1
As the WID declared no normative standardization effort before RAN#91.
Maximum number of DL MIMO layers
As indicated by the technical report, there is neither coexistence impact nor significant specification work anticipated.
Relaxed maximum modulation order
One objective of WID is making 256QAM in the DL optional (instead of mandatory) for an FR1 RedCap UE. The analysis in the report indicates “specification impact from relaxed maximum modulation orders for RedCap UEs is small” and that there will be “no significant impacts on coexistence with legacy UEs”. 
The relaxed modulation order, alone or especially combined with a reduced number of antennas, brings into consideration about the appropriate MCS table. In 38.214, there are three MCS tables with the conditions of use summarized in Table 1. Table 5.1.3.1-1 in 38.214 is the default for DCI formats 1_0, 1_1, and 1_2, and is used for a list of RNTIs.
· Table 5.1.3.1-1: default table supports spectral efficiencies from 0.2344 to 5.5547 (QPSK to 64-QAM). 
· Table 5.1.3.1-2: supports spectral efficiencies from 0.2344 to 7.4063 (QPSK to 256-QAM)
· Table 5.1.3.1-3: supports spectral efficiencies from 0.0586 to 4.5234 (QPSK to 64-QAM).
[bookmark: _Ref61174899]Table 1. Mapping of MCS table usage in 38.214
	Table
	RRC parameter
	DCI
	RNTI

	5.1.3.1-2
	mcs-TableForDCI-Format1-2: qam256
	1_2
	C-RNTI

	
	mcs-Table: qam256
	1_1
	C-RNTI

	
	SPS-config has no mcs-Table and mcs-TableForDCI-Format1-2: qam256
	1_2
	a) CS-RNTI or
b) SPS activated without PDCCH transmission using SPS-Config 

	5.1.3.1-3
	mcs-TableForDCI-Format1-2: qam64LowSE
	1_2
	C-RNTI, not configured with MCS-C-RNTI

	
	mcs-Table: qam64LowSE
	not 1_2
	C-RNTI, not configured with MCS-C-RNTI

	
	
	
	MCS-C-RNTI

	
	SPS-config: mcs-Table: qam64LowSE
	
	a) CS-RNTI or
b) SPS activated without PDCCH transmission using SPS-Config



In general, there are two tables that a RedCap UE can use (5.1.3.1-1 and 5.1.3.1-3). When a UE does not support 256QAM and is using 1 receive antenna, the UE will most likely be using lower spectral efficiency. As a result, the lower spectral efficiency table should be used to avoid repetition, to minimize re-transmissions, and to provide accurate mappings for CQI. Having the most typical case be the default will avoid extra RRC reconfigurations. 
Proposal 2: The lower spectral efficiency table should be the default table when a UE does not support 256-QAM and has one receive antenna.
Duplex operation
There are two types of half duplex devices defined in LTE:
-	For Type A HD-FDD, the duplexer can be replaced with a switch and a lowpass filter.
-	For Type B HD-FDD, uplink and downlink can share one local oscillator.
As captured in [2], there can be specification impact such as the switching time from DL-to-UL and UL-to-DL as well as handling collisions. For HDD, the switching time values may require analysis from RAN4. Note that with the current value of 25600 Tc, the switching time of 13 µs is less than one symbol since the symbol duration is 71 µs, 35.6 µs, and 17.9 µs for 15 kHz, 30 kHz, and 60 kHz SCS, respectively, 
Unlike TDD where there are flexible symbols to accommodate the switching and avoid collisions, some possible conditions for collisions with HDD are shown in Fig. 1:
· DL slot followed by UL slot: with the combination of significant timing advance and switching time, there is a possibility that the end of a receiving DL slot will collide with onset of transmitting an UL slot. 
· UL slot followed by DL slot: with the combination of small timing advance and switching time, there is a possibility that the end of a transmitting an UL slot will collide with the onset of a receiving DL slot. 
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[bookmark: _Ref61178392]Fig. 1. (Top) DL slot followed by UL slot with large timing advance and switching time (in black) (Bottom) UL slot followed by DL slot with small timing advance and switching time.
When the reception of a DL slot collides with uplink transmissions, the standard allows reducing the number of DL symbols to receive (shortening the shared channel duration) and starting the PUSCH later in the slot (also shortening the shared channel duration). This solution lowers the throughput but with scheduling, a series of DL slots followed by a series of UL slots can mitigate the throughput hit. This may increase the pipeline length of HARQ processes.
When the transmission of a UL slot collides with reception of the DL, the standard allows shortening the UL transmission and reducing the number of DL symbols to receive. In addition to lowering the throughput with this solution, some considerations for PDCCH/PDSCH locations (e.g., not placing the CORESET and DMRS of the PDSCH in the first symbol) and PUCCH / SRS locations (e.g., not placing PUCCH / SRS on the last symbol) may be needed.
Observation 2: in principle, the current standards support HDD operations for Redcap UEs.
The report [2] also noted that initial access might be impacted by the presence of RedCap UEs having the HDD feature. It was noted that early identification using Msg1 can mitigate the effect of switching from PRACH to receiving Msg2. Since PRACH is transmitted without timing advance, there may be collisions due to the end of PRACH and start of the PDCCH scheduling Msg2. With early identification, the network can send the PDCCH in a search space that is later in a slot and thereby minimize the impact of the collisions.
Proposal 3: support early identification in Msg1 to minimize the effect of collisions for RedCap UE supporting an HDD feature.

[bookmark: _Ref129681832]Conclusion
In this contribution, we discussed the specification impacts for five features in the RedCap WID.
Observation 1: for reduced bandwidths of 20 and 100 MHz, no standardization is required, other than informing the gNB that the UE has RedCap UE capabilities (i.e., bandwidth value 20MHz for FR1 and 100MHz for FR2). 
Proposal 1: RAN1 shall evaluate options for early identification and conservative treatment during initial access.
Proposal 2: The lower spectral efficiency table should be the default table when a UE does not support 256-QAM and has one receive antenna.
Observation 2: in principle, the current standards support HDD operations for Redcap UEs.
Proposal 3: support early identification in Msg1 to minimize the effect of collisions for RedCap UE supporting an HDD feature.

[bookmark: _Ref124589665][bookmark: _Ref71620620][bookmark: _Ref124671424]References
[bookmark: _Ref60902124]RP-202933, “New WID on support of reduced capability NR devices”, Ericsson, Nokia, RAN#90e, Dec. 7-11, 2020.
[bookmark: _Ref60993381][bookmark: _Ref60994040]38.875, “Study on support of reduced capability NR devices”, Rel-1, Nov. 2020.
[bookmark: _Ref60998171]38.104
[bookmark: _Ref61373645]Chairman Note, RAN2, RAN2#111, Aug. 2020.

Appendix
These are the features identified in the WID [1]
	· Specify support for the following UE complexity reduction features [RAN1, RAN4]:
· Reduced maximum UE bandwidth:
· Maximum bandwidth of an FR1 RedCap UE during and after initial access of 20 MHz is supported. The possibility of, and any associated conditions for, optional support of a wider bandwidth up to 40MHz after initial access for this case will be further discussed at RAN#91e.
· Maximum bandwidth of an FR2 RedCap UE during and after initial access is 100 MHz
· Reduced minimum number of Rx branches:
· For frequency bands where a legacy NR UE is required to be equipped with a minimum of 2 Rx antenna ports, the minimum number of Rx branches supported by specification for a RedCap UE is 1. The specification also supports 2 Rx branches for a RedCap UE in these bands.
· [bookmark: _Hlk58502022][bookmark: _Hlk58574559]For frequency bands where a legacy NR UE (other than 2-Rx vehicular UE) is required to be equipped with a minimum of 4 Rx antenna ports, the minimum number of Rx branches supported by specification for a RedCap UE will be decided at RAN#91e; hence no specific work for these frequency bands will be done before RAN#91e.
· Maximum number of DL MIMO layers:
· For a RedCap UE with 1 Rx branch, 1 DL MIMO layer is supported.
· For a RedCap UE with 2 Rx branches, 2 DL MIMO layers are supported.
· Relaxed maximum modulation order:
· Support of 256QAM in DL is optional (instead of mandatory) for an FR1 RedCap UE.
· No other relaxations of maximum modulation order are specified for a RedCap UE.
· Duplex operation:
· HD-FDD type A with the minimum specification impact (Note that FD-FDD and TDD are also supported.)






