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1. Introduction
[bookmark: _GoBack]	As of RAN#90e meeting, the WI titled “Support of reduced capability NR devices” was approved. In this agenda item, we discuss UE complexity reduction of RedCap NR devices within the scope of WI objectives as captured from 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.)


2. Discussion
In this contribution, we present our views on the major features that most contribute to the UE complexity reduction for RedCap UEs.

2.1. Reduced minimum number of Rx branches 
The minimum number of Rx branches for RedCap UEs for frequency bands where a legacy NR UE is required to be equipped with a minimum of 4 Rx antenna ports has been controversial for the last a few meetings leading to the decision deferred to the next RAN plenary meeting. Concerns were raised on the loss of spectral efficiency, the impact on the network planning, and the specification impact to recover the coverage loss, to name a few. Concerns were also raised mainly from UE vendors saying that the solutions that are available today for smart wearables with a compact form factor are all equipped with 1 Rx and UE vendors want the same proven solutions to be deployed towards the upper NR operating bands without mandating increased number of antennas. We have sympathy with the latter view. If we could get the benefit of improved performance in terms of improved coverage then we would think it would be investment, but as we mentioned in the last RAN plenary meeting, for the smart wearables with form factor limitations we don’t expect the increased number of antennas to bring benefits in terms of improved coverage. Considering the form factor limitations of smart wearables and wireless sensors and the interest in the cost of those devices, the antenna configuration of 1Rx/1Tx needs to be supported in the entire NR operating bands. As a compromise, 2 Rx can also supported.
Proposal 1: For frequency bands where a legacy NR 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 is 1.  The specification also supports 2 Rx branches for a RedCap UE in these bands.
For the 4 Rx support of RedCap UEs, we have rather a strong concern that 4 Rx support should not be a valid solution for RedCap discussion as we have a strong doubt on the benefit of having 4 Rx over 2 Rx or even 1 Rx.
Proposal 2: The specification does not support 4 Rx branches for a RedCap UE.
Given that at least 1 Rx and 2 Rx RedCap UEs coexist with non-RedCap UEs different number of antennas, how to support cell access of RedCap UEs to a cell where 1 Rx and 2 Rx RedCap UEs coexist with non-RedCap UEs. The basic solution would be gNB assume minimum possible number of Rx branches in the NR cell during initial access. As our study has not identified the DL channels as a bottleneck channel during initial access, there should be no critical issue with the basic solution. More optimization can be pursued if UE (type) is indicated early, e.g., via Msg1 or Msg3, then UE (type)-specific care can be considered to e.g., equalize coverage difference among different (types of) UEs. 
Proposal 3: gNB assumes the minimum possible number of Rx branches for RedCap UEs during initial access if early UE (type) identification is not supported.
· FFS if early UE (type) identification is supported

2.2. [bookmark: _Ref47098843]Reduced maximum UE bandwidth 
The optional support of a wider bandwidth up to 40MHz after initial access are deemed further discussion during RAN#91e meeting. The main motivation of introducing a wider bandwidth should be higher peak bit rate. Referring to the NR spec TS38.306, the peak bit rates for a few repetitive combinations of {Maximum UE bandwidth, Number of Layers (NL), Modulation order (Qm)}, are summarized below for further discussion. 
· Supported max data rate = 170 Mbps @ {20MHz, NL =2, Qm =6, ScalingFactor=1.0}
· Supported max data rate = 113 Mbps @ {20MHz, NL =1, Qm =8, ScalingFactor=1.0}
· Supported max data rate = 85 Mbps @ {20MHz, NL =1, Qm =6, ScalingFactor=1.0}
Based on the calculations above, with the UE bandwidth of 20MHz and the maximum number of DL MIMO layers = 2 for FR1, it is observed that all the peak bit rate requirements for the three use cases in the WID can be met even without optional 256QAM for DL. And it is also observed that with the UE bandwidth of 20MHz and the maximum number of DL MIMO layers = 1 for FR1, the supported max data rate is 113 Mbps with optional support of 256QAM for DL and 85 Mbps without optional support of 256QAM for DL. 
Observation 1: With the UE bandwidth of 20MHz and the maximum number of DL MIMO layers = 2 for FR1, and without optional support of 256QAM for DL, all the peak bit rate requirements for the three use cases in the WID are met.
Observation 2: With the UE bandwidth of 20MHz and the maximum number of DL MIMO layers = 1 for FR1, and with optional support of 256QAM for DL, the supported max data rate is 113 Mbps.
Based on our observations on peak bit rates, we don’t see a strong motivation to introduce the bandwidth wider than 20MHz. So, our proposal is not to further consider the RedCap UE bandwidth larger than 20MHz.
Proposal 4: For RedCap UEs in FR1, the UE bandwidth larger than 20MHz is not supported.
With the RedCap UEs with UE bandwidth reduction features, an issue has been raised on the case where the total frequency span of the FDMed ROs for PRACH transmission does not fit in the RedCap max UE bandwidth. The case can happen, for example, if the RedCap UEs with 20 MHz max UE bandwidth in FR1 is configured with 8-FDMed ROs for the preamble formats with 30 kHz subcarrier spacing or for the preamble format 3 with 5 kHz subcarrier spacing. 
To address the case where the total frequency span of the FDMed ROs for PRACH transmission does not fit in the RedCap max UE bandwidth, the following alternatives can be further discussed.
Alt 1 To apply restrictions on the RO configurations for the RedCap UEs
Alt 2 gNB to configure the number N of SSB indexes associated with one RO to be larger than one
Alt 3 gNB to configure 2 initial UL BWPs for RedCap UEs encompassing the 8 FDM ROs and let the RedCap UEs select the initial UL BWP corresponding to the RO associated with the best SSB
Alt 4 To allow the ROs to be configured outside the initial UL BWP and the RedCap UE tunes its frequency to the RO that is associated with the best SSB
Alt 1 is to apply restrictions on the RO configurations for the RedCap UEs. For example, RedCap UEs are not expected to be configured with 8-FDMed ROs exceeding the UE bandwidth and it is up to gNB to guarantee it. If ROs with this frequency domain restriction are deemed insufficient, then the PRACH configuration index with more occasions in time domain can be selected. 
For Alt 2, gNB configures the number N of SSB indexes associated with one RO to be larger than one. Then, according to the existing mapping rule between ROs and SSBs (as specified in clause 8.1 of TS38.213), all the 8 SSBs in FR1 can be mapped to 4 or fewer ROs within the initial UL BWP of RedCap UEs. Thus, the RedCap UEs can transmit PRACH toward the direction of the best SSB.
Alt 3 is gNB configures multiple (e.g., 2) initial UL BWPs for RedCap UEs encompassing the 8 FDM ROs and let the RedCap UEs select the initial UL BWP corresponding to the RO associated with the best SSB. For example, gNB configures 2 initial UL BWPs for RedCap UEs spanning 40(20+20) MHz in total to which the 8 FDM ROs belong. If the RO associated with best SSB belong to the first/second initial UL BWP, then the first/second initial UL BWP becomes the initial UL BWP for the RedCap UEs to use for initial access. 
Alt 4 is to allow the ROs to be configured outside the initial UL BWP and the RedCap UE tune its frequency to the RO that is associated with the best SSB. Our understanding is that this can be supported with very minor changes or clarifications in the spec. We see some minor issues on the start of the RAR window if the RedCap UE needs to retune back from UL(RO) to DL(RAR) as the RAR window may start right away after the last symbol of the RO used for RA preamble transmission.
Proposal 5: Discuss with the following alternatives how to address the case of the 8-FDM ROs with the total frequency span exceeding the RedCap max UE bandwidth.
Alt 1 To apply restrictions on the RO configurations for the RedCap UEs
Alt 2 gNB to configure the number N of SSB indexes associated with one RO to be larger than one
Alt 3 gNB to configure 2 initial UL BWPs for RedCap UEs encompassing the 8 FDM ROs and let the RedCap UEs select the initial UL BWP corresponding to the RO associated with the best SSB
Alt 4 To allow the ROs to be configured outside the initial UL BWP and the RedCap UE tunes its frequency to the RO that is associated with the best SSB
RedCap UEs may not always support the bandwidth of the initial UL BWP configured for normal UEs in SIB1 depending on REL-15 cell configuration. Unless all gNBs supporting RedCap UEs are restricted to configure only the bandwidth of the initial UL BWP supported by RedCap UEs, it seems desirable to study possibility of using a separate UL BWP for initial access of RedCap UEs.
Observation 3: RedCap UEs may not support the bandwidth of the initial UL BWP configured for normal UEs in SIB1 depending on REL-15 cell configuration.
Proposal 6: Study possibility of using a separate UL BWP for initial access of RedCap UEs (as well as common UL BWP shared with normal UEs).
Separating initial UL BWP of the RedCap UEs from that of normal UEs seems to be a cleaner solution especially if the latter is larger than the former. However, as it may not be always possible to do so, we need to discuss how to harmonize the RedCap UEs accessing an NR cell with the normal UEs with larger initial UL BWP. Apparently, whether and how to support frequency hopping for Msg3 PUSCH and Msg4 A/N PUCCH are outstanding issues. If RedCap and normal UEs do the frequency hopping independently based on their own initial UL BWPs, then it surely has a negative impact on resource utilization efficiency mainly due to resource fragmentation. Similarly, just turning off the frequency hopping for RedCap UEs may be simple but can’t be a good solution unless the frequency hopping of normal UEs is also turned off which may or may not have some legacy impact for which we may need some discussion. Some companies also mentioned so called implementation based solutions that basically rely on fast UE frequency retuning but it should also be clarified that whether the fast frequency retuning capability is a reasonable assumption for (all) the reduced capability NR devices. Related to the solution based fast frequency retuning, we also see some issues when the RedCap UEs do frequency hopping between two hops within a slot. 
Proposal 7: Discuss how to support random access procedures for initial access when RedCap UEs coexist with normal UEs with initial UL BWP larger than the RedCap UE bandwidth.

2.3. Duplex operation 
For supporting HD-FDD type A in NR FDD bands, we suggest to start with a high-level discussion on how to support HD-FDD type A in NR FDD bands where there is no clear definition of the slot formats. Our view is that given there is no higher layer configured slot formats in FDD bands, the ‘background’ slots are all flexibles. Then, on top of the flexibles, the HD-FDD type A can be supported based on dynamic scheduling.
We also have to discuss how we plan to set up the guard period. Should it be defined as guard time (in us), or guard symbols? Whether to reuse the transition time defined in clause 4.3.2 in TS 38.211 should also be discussed. If not reused, then what additional considerations should be taken into account to set up the guard time or guard symbols should be discussed. 
Then, perhaps at a later stage and if needed, the issues related to link direction collisions should be discussed. They include collisions with RO, SSB, etc., and collisions between configured scheduling vs. dynamic scheduling, etc.
Proposal 8: Discuss how to provide retuning time for RedCap UEs in HD-FDD operation type A.
· FFS between guard time (in us) and guard symbols
· FFS whether to reuse the transition time defined in clause 4.3.2 in TS 38.211
Proposal 9: Discuss how to handle the following link direction collision cases for RedCap UEs in HD-FDD operation type A.
· Configured vs. dynamic
· Collisions with RO, SSB
3. Conclusion
In this contribution, we presented our views on the major features that most contribute to the UE complexity reduction for RedCap UEs.
Observation 1: With the UE bandwidth of 20MHz and the maximum number of DL MIMO layers = 2 for FR1, and without optional support of 256QAM for DL, all the peak bit rate requirements for the three use cases in the WID are met.
Observation 2: With the UE bandwidth of 20MHz and the maximum number of DL MIMO layers = 1 for FR1, and with optional support of 256QAM for DL, the supported max data rate is 113 Mbps.
Observation 3: RedCap UEs may not support the bandwidth of the initial UL BWP configured for normal UEs in SIB1 depending on REL-15 cell configuration.
Proposal 1: For frequency bands where a legacy NR 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 is 1.  The specification also supports 2 Rx branches for a RedCap UE in these bands.
Proposal 2: The specification does not support 4 Rx branches for a RedCap UE.
Proposal 3: gNB assumes the minimum possible number of Rx branches for RedCap UEs during initial access if early UE (type) identification is not supported.
· FFS if early UE (type) identification is supported
Proposal 4: For RedCap UEs in FR1, the UE bandwidth larger than 20MHz is not supported.
Proposal 5: Discuss with the following alternatives how to address the case of the 8-FDM ROs with the total frequency span exceeding the RedCap max UE bandwidth.
Alt 1 To apply restrictions on the RO configurations for the RedCap UEs
Alt 2 gNB to configure the number N of SSB indexes associated with one RO to be larger than one
Alt 3 gNB to configure 2 initial UL BWPs for RedCap UEs encompassing the 8 FDM ROs and let the RedCap UEs select the initial UL BWP corresponding to the RO associated with the best SSB
Alt 4 To allow the ROs to be configured outside the initial UL BWP and the RedCap UE tunes its frequency to the RO that is associated with the best SSB
Proposal 6: Study possibility of using a separate UL BWP for initial access of RedCap UEs (as well as common UL BWP shared with normal UEs).
Proposal 7: Discuss how to support random access procedures for initial access when RedCap UEs coexist with normal UEs with initial UL BWP larger than the RedCap UE bandwidth.
Proposal 8: Discuss how to provide retuning time for RedCap UEs in HD-FDD operation type A.
· FFS between guard time (in us) and guard symbols
· FFS whether to reuse the transition time defined in clause 4.3.2 in TS 38.211
Proposal 9: Discuss how to handle the following link direction collision cases for RedCap UEs in HD-FDD operation type A.
· Configured vs. dynamic
· Collisions with RO, SSB
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