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[bookmark: _Ref521334010]Introduction
[bookmark: _GoBack]In RAN#86, a new Rel-17 SI on support of reduced capability NR devices, i.e. RedCap, was approved [1], which was further updated in RAN#88-e [2]. In RAN1#102-e, plenty of agreements were made in respect to complexity reduction features for RedCap UE [3]. Though no revision was made to the SI in RAN#89, it is valuable that consensus was achieved by email discussion, that not all the RedCap UEs are required to support a DL data rate as high as 150Mbps. Thus, the outline of RedCap becomes clearer.
In this contribution, we share our views on the major potential UE complexity reduction features for RedCap UEs.
Discussion
Complexity reduction features for RedCap include reduction of UE Rx antennas, reduction of UE bandwidth, half-duplex FDD (HD-FDD), relaxed processing time and relaxed processing capability.
[bookmark: _Ref52270350]Reduced number of UE Rx antennas
In NR FR1, it is mandatory for an eMBB UE to equip 2 Rx antennas in most bands. Higher requirement appears in bands n7, n38, n41, n77, n78 and n79, where 4 Rx antennas are required. Reduction of UE Rx antenna number brings benefits in cost reduction, power consumption, and facilitates the development of small size device. Thus, the number of receive antennas for RedCap is important to be decided.
It is still an open issue whether a RedCap UE should be designed with 1 Rx or 2 Rx antennas. The advantages of 2 Rx and 1 Rx are summarized in Table 1:
[bookmark: _Ref52203382]Table 1 Comparison between 2 Rx and 1 Rx
	
	2 Rx
	1 Rx

	UE perspective
	· Higher DL peak data rate
· Larger DL coverage
	· Lower cost and complexity
· Lower power consumption
· Smaller device size

	Network perspective
	· Higher DL spectrum efficiency
· Higher DL capacity
	


As can be observed from Table 1, the advantage of 1 Rx is concentrated in UE perspective. According to former study in LTE, a MTC UE can achieve 15%~38% cost savings compared with the reference LTE modem, by reducing the receive RF chain from 2 to 1 [4]. Also, power consumption of 1 Rx is lower than 2 Rx due to fewer RF chain and reduced processing complexity.
Besides, 1 Rx can benefit the integration of small size device effectively. For some use cases like wearable, device size and weight are critical to comfort and portability. Note that, 1 Rx is popular in smart watch implementation, where the steel case exactly serves as the unique Rx antenna. From UE perspective, 1 Rx is an attractive choice.
Observation 1: 1 Rx can reduce the cost and power consumption effectively, and facilitate the integration of small size device.
On the other hand, 2 Rx UEs have advantage in DL peak data rate and DL coverage. As analyzed in our companion paper [5], a RedCap UE cannot achieve a DL peak data rate as 150Mbps by only 1 Rx antenna and 20MHz BW. But as clarified by email discussion in RAN#89e, not all the RedCap UEs are required to support such a high DL data rate. For DL coverage, as observed from our simulation results [6], even if 1 Rx is implemented, the coverage is still UL limited. Therefore, from UE perspective, the advantage of 2 Rx seems not essential to facilitate the low cost UE industry.
From network perspective, 2 Rx naturally has advantage over 1 Rx regarding to the DL spectrum efficiency (SE). The detailed degradation of DL SE, however, heavily depends on the proportion of RedCap UE, traffic model and traffic load. The overall system capacity may also be degraded, but it should not only be determined by DL SE but also be jointly determined by other characters like UL SE, TDD DL/UL configuration, scheduling scheme, etc. To say the least, the network can control the access of RedCap UE, as to be studied in RAN2. If the network prefers to keep a high DL SE, it can reduce the number of serving RedCap UEs, by barring the access of RedCap UEs. Therefore, supporting 1 Rx RedCap UE seems not a disaster from network perspective.
It is suggested that both 2 Rx and 1 Rx can be applied by RedCap UE. For the device targeting at higher performance, e.g. video surveillance, 2 Rx can be implemented. Meanwhile, for the device targeting at lower cost and size, e.g. wearable, 1 Rx can be implemented.
Proposal 1: Both 2 Rx and 1 Rx are supported by RedCap UE in Rel-17.
UE bandwidth reduction
In RAN1#102-e, the following agreements were achieved on bandwidth reduction. 
	Agreements:
· For RedCap UEs in FR1, 
· The baseline UE bandwidth capability is 20 MHz, which can be assumed during the initial access procedure. 
· Discuss further by email whether there is an issue or a necessity in achieving up to 150Mbps assuming a 20MHz and rank 1 transmission. 
Agreements:
· In potential cost evaluations for a UE, it is assumed that the multi-band support affects the RF cost but not the baseband cost significantly.
· In the TR, at least include a qualitative statement; relevant numerical results can also be considered.
Agreements:
· For the baseline UE bandwidth capability of RedCap UEs, the same maximum UE bandwidth in a band applies to both RF and baseband.
· This maximum UE bandwidth applies to both data and control channels.
· This maximum UE bandwidth is assumed for both DL and UL.
· Complexity analyses with other mixes of bandwidths are not precluded.
Agreements:
Discussion on whether to study CA case is deprioritized for reduced capability UEs in Rel. 17 SI and it will not start until maximum UE channel bandwidth is clear.


For bandwidth reduction, it has been agreed that the RedCap bandwidth should be no less than 20MHz. Further agreement confirms that 20MHz can be assumed at least for the RACH procedure. But it is still unclear whether larger bandwidth should be supported by Redcap UE after the initial access.
In our view, RedCap should focus on its target requirement, and avoid overdesigning. The first priority of RedCap UE design should always be reducing the complexity and cost, under the premise of fulfilling the use case requirement, rather than being capable with massive functions. At the same time, large modification in RAN1 specification should be avoided, considering the forward compatibility and complexity at network side.
Hence, in FR1, a unique bandwidth of 20MHz seems suitable for RedCap UE. The 20MHz bandwidth can be applied to both during and after the initial access phase. Our consideration includes:
· Cost reduction
Reduction of bandwidth directly impacts the cost reduction, mainly contributes to the reduced baseband processing. In this case, striving to a narrow UE bandwidth is the most direct way to achieve the design goal. Since it has been agreed that the bandwidth of RedCap is no less than 20MHz, we can further apply 20MHz as the only bandwidth for RedCap.
· Required data rate
In [5], we have shown that the highest peak data rate defined in SID, i.e. 150Mbps in DL and 50Mbps in UL, can be achieved by 20MHz bandwidth and 2 Rx antennas. Though a RedCap UE with 20MHz bandwidth and 1 Rx antenna cannot reach such high peak data rate (but still reaches ~110Mbps), as clarified in Section 2.1, it doesn’t have to. For RedCap UE with 1 Rx, e.g. smart watch as the typical one, no strong motivation is observed on reaching such high data rate. Therefore, 20MHz is able to support the required data rate for RedCap use cases.
· Coexistence
When considering the coexistence with NR eMBB UE, 20MHz is a suitable bandwidth. In FR1, CORESET#0 is always within 20MHz, wherein key system information and basic control channel are broadcasted. Similarly, RACH procedure is accomplished within the bandwidth, at least for DL. By adopting 20MHz as the bandwidth, large number of common information/configuration can be reused for RedCap. But little convenience is further achieved by increasing the RedCap bandwidth. In addition, if RedCap can be deployed in other bands in the future, e.g. LTE bands, 20MHz is enough to utilize all the LTE bandwidth resource.
Observation 2: In FR1, 20MHz bandwidth achieves good balance in peak data rate, cost reduction and coexistence with eMBB UE.
· Impact on normative work
Since the peak data rate does not put a restriction on the bandwidth, unique bandwidth can be applied for both 2 Rx and 1 Rx, and for during and after the initial access. As can be foreseen, unique bandwidth can ease the specification design, for example, on CORESET definition, resource allocation, PUCCH resource determination, etc. This also helps avoid segmentation on chip development and specification effort.
Based on the above discussion, we propose that:
Proposal 2: For RedCap UEs in FR1, the maximum bandwidth capability is 20MHz.
· This maximum bandwidth applies to both 2 Rx and 1 Rx.
· This maximum bandwidth applies to both during and after the initial access procedure.
Similar principle can be applied to FR2. A unique bandwidth should be strived for.
Proposal 3: For RedCap UEs in FR2, strive for a unique maximum bandwidth capability.
HD-FDD
HD-FDD has been studied and applied in LTE MTC. It contributes to the cost reduction mainly in RF part by replacing the duplexer with a switch. Additional cost reduction may be achieved by relaxing the baseband computational requirement. To be specific, most sources in TR 36.888[4] report that HD-FDD only achieves slight overall cost reduction, e.g. less than 8%. However, UE data rate is sacrificed inevitably. Such performance loss may turn into coverage loss if data rate is maintained, due to the higher coding rate. Moreover, HD-FDD may have negative impact in scheduling delay and available PDCCH monitoring occasion. This makes HD-FDD less attractive for RedCap.
With the above understanding, it is suggested that HD-FDD is only an optional feature for RedCap. If a RedCap UE would like to pursue maximum cost reduction, HD-FDD can be implemented, albeit with performance degradation in data rate or coverage. But for those RedCap UEs with higher performance requirement, FD-FDD should be applied.
In LTE, Type A and Type B HD-FDD are defined. For Type A, one or more symbols before UL transmission will be ignored to create the switching time. For Type B, the UE will not receive the DL subframes before and after an uplink subframe, which largely reduces the DL transmission data rate/coverage. Though it was agreed that Type A is prioritized than Type B, we can step further that only Type A HD-FDD will be considered for RedCap UE. For Type A HD-FDD, the detailed design should be under the guidance of RAN4. It can be considered to send an LS to RAN4, asking for input in critical characters, e.g., switching time definition.
Proposal 4: For RedCap UEs,
· Type A HD-FDD is optional feature. Detail design is with the guidance of RAN4.
· Type B HD-FDD is not considered.
Relaxed processing time
Regarding to the processing time of RedCap UE, the following agreements are reached in RAN1#102-e.
	Agreements:
· For the purpose of evaluation, the UE processing time in terms of N1/N2 can be assumed to be doubled compared to those of capability #1, i.e.,
· N1 = 16, 20, 34, and 40 symbols for 15, 30, 60, and 120 kHz SCS (assuming only front-loaded DMRS)
· N2 = 20, 24, 46, and 72 symbols for 15, 30, 60, and 120 kHz SCS
Agreements:
· Study of relaxed UE processing time related to CSI computation is not prioritized in the RedCap study item.


In Rel-15 NR, processing time requirements are defined to provide sufficient processing time for PDSCH and PUSCH, respectively. The transmission preparation time not only includes N1 and N2, but also plenty of conditional characters like subcarrier spacing and DMRS position. Further update is made in Rel-16, due to new features introduced in NRU and URLLC. As can be seen, great effort is required to achieve a rigorous and reasonable processing time requirement. Whether to introduce new processing time for RedCap should be carefully considered.
In our view, the cost reduction brought by relaxing processing time is not large. A relaxed processing time may benefit baseband blocks, like LDPC decoding block, but no cost reduction is observed in RF blocks. The specific reduction is unclear, since it heavily depends on UE implementation. Still, less than 50% reduction is expected for the related blocks, leading to a small overall cost reduction less than 5%. 
However, relaxed processing time has several drawbacks which need to be considered. For example, the transmission delay will be increased inevitably, which seems contradictory to some use case requirement, e.g. safety sensor. Another issue arises that the scheduling of gNB becomes more complicated, especially in the channels that may be shared by RedCap and Rel-15 UEs, like Msg2/Msg3/Msg4 scheduling. The larger delay may also lead to longer awaken time of UE, which conversely increase the power consumption.
In short, relaxing the processing time is less attractive to RedCap, considering the unclear benefit and negative impacts. It is suggested that RedCap supports the mandatory Capability 1 as defined in Rel-15 NR, rather than a new capability.
Proposal 5: For RedCap UEs, Capability 1 processing time is supported. No new capability is introduced.
Relaxed processing capability
For RedCap processing capability, the following agreement on modulation order was reached in RAN1#102-e.
	Agreements:
· For FR1 DL, study relaxation of maximum mandatory modulation to 64QAM instead of 256QAM.
· For FR1 UL, study relaxation of maximum mandatory modulation to 16QAM instead of 64QAM.
· For FR2 DL, study relaxation of maximum mandatory modulation to 16QAM instead of 64QAM.
· For FR2 UL, study relaxation of maximum mandatory modulation to 16QAM instead of 64QAM.
· Restriction to 1 or 2 MIMO layers in DL can be studied.
· No TBS restriction is considered in this SI beyond the implicit TBS restrictions resulting from reduced UE bandwidth or reduced number of MIMO layers.


Relaxation of modulation order can loose the EVM requirement in RF, and may reduce the HARQ buffer size in baseband. Considering that the number of Rx antennas and the UE bandwidth have been reduced, minor additional cost reduction is expected from relaxation of modulation order, i.e. less than 5% in total. However, the network SE will be deteriorated, not to mention that the network SE is already suffering from the reduced MIMO layer of RedCap. Besides, it should be justified for a UE to apply high modulation order if the channel condition is good enough, especially for the use cases that require high data rate.
In Rel-15 NR, in FR1 DL, 256QAM is mandatory with capability signaling. As observed from our simulation result [5], 64QAM can support the highest required peak data rate among all the use cases. It seems unnecessary for RedCap to support 256QAM. We suggest that 64QAM is supported as the maximum mandatory modulation order of RedCap, in both FR1 and FR2, and in both DL and UL.
Proposal 6: For RedCap UEs, 64QAM is supported as the maximum mandatory modulation order, in both FR1 and FR2, and in both DL and UL.
In Rel-15 NR, it is mandatory to support 16 HARQ processes. The benefit of reduction of HARQ process number is not so clear since it is related to UE implementation. Still, an overall cost reduction is expected to be small, e.g. ~5%. But this will limit the flexibility of network scheduling and thus not recommended.
Proposal 7: For RedCap UEs, the HARQ process number is 16, for both DL and UL.
Conclusion
In this contribution, we provide our view on UE complexity reduction features. The observations and proposals are summarized as follows:
Observation 1: 1 Rx can reduce the cost and power consumption effectively, and facilitate the integration of small size device.
Observation 2: In FR1, 20MHz bandwidth achieves good balance in peak data rate, cost reduction and coexistence with eMBB UE.
Proposal 1: Both 2 Rx and 1 Rx are supported by RedCap UE in Rel-17.
Proposal 2: For RedCap UEs in FR1, the maximum bandwidth capability is 20MHz.
· This maximum bandwidth applies to both 2 Rx and 1 Rx.
· This maximum bandwidth applies to both during and after the initial access procedure.
Proposal 3: For RedCap UEs in FR2, strive for a unique maximum bandwidth capability.
Proposal 4: For RedCap UEs,
· Type A HD-FDD is optional feature. Detail design is with the guidance of RAN4.
· Type B HD-FDD is not considered.
Proposal 5: For RedCap UEs, Capability 1 processing time is supported. No new capability is introduced.
Proposal 6: For RedCap UEs, 64QAM is supported as the maximum mandatory modulation order, in both FR1 and FR2, and in both DL and UL.
Proposal 7: For RedCap UEs, the HARQ process number is 16, for both DL and UL.
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