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[bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
[bookmark: _Ref129681832]In RAN1#88, it was agreed that the maximum NR synchronization signal (SS) block bandwidths are not larger than 5/10/40/80 MHz for 15/30/120/240 kHz subcarrier spacing. The exact SS block bandwidths will depend on the yet-to-be-selected SS sequences and the NR-PBCH bandwidth. There was also a discussion on the minimum UE receive bandwidth in the context of initial access. However, the question on minimum UE receive bandwidth encompasses the design and reception ability of many other signals/channels, which is reflected by the following agreements of RAN1#88: 
· If min UE bandwidth < NR SS block bandwidth, in NR SS block design, study how to address this issue
· Study minimum UE BW for eMBB and URLLC, [B], for NR considering at least the following aspects
· Single or multiple values for B
· Considering following aspects
· frequency range (e.g. below 6 GHz vs. above 6 GHz)
· NR-SS transmission bandwidth
· NR-PBCH transmission bandwidth
· NR SS block bandwidth
· UE type
· DL/UL control design
· DL/UL data reception/transmission for UE
· Coexistence among UEs with potentially different minimum UE bandwidth
· etc.
· Note: This study is for RAN1 understanding on what min UE BW is supported in RAN1 NR design. 
Moreover, the minimum NR carrier bandwidths were agreed as being frequency band dependent (i.e., RAN4 specifies the values) and to be aligned with the maximum NR SS block bandwidths as follows:   
· For carrier supporting initial access,
· For frequency range up to 6 GHz, minimum carrier bandwidth for NR can be either 5 or 10 MHz and is frequency band dependent
· For frequency range from 6 GHz to 52.6 GHz, minimum carrier bandwidth for NR can be either 40 or 80 MHz and is frequency band dependent
· RAN1 considers that RAN4 will determine mapping between frequency band and minimum carrier bandwidth value in consideration with above
· NR minimum carrier bandwidth for carrier which does not support initial access is FFS
· NR minimum carrier bandwidth for mMTC is FFS
In this contribution, we analyze the impact of minimum UE receive bandwidth for NR operation.
Minimum UE receive bandwidth
Minimum UE receive bandwidth in LTE
The minimum UE receive bandwidth in LTE is 20 MHz, i.e., the same as the maximum LTE carrier bandwidth. During the development of LTE Rel-8, it was for a long time assumed that UEs of 10 MHz bandwidth capability should be supported. Since this resulted in complicated mapping of synchronization signals on 20 MHz carriers and cumbersome cell search procedures (e.g., the SS was mapped to three different locations within the carrier), it was finally decided to have a clean design by assuming 20 MHz capability of all UEs [1]. Later on, LTE was complemented to support LC-MTC UEs working within 6 PRBs and, as an add-on, NB-IoT UEs working within a resource block of 180 kHz. 
Moreover, the receiver chain is typically much less complex in the UE than its transmission chain (due to the power amplifier and RF parts). Hence, minimum UE receive bandwidth can be larger than the maximum UE transmit bandwidth. This is for example the case in most of the LTE-Advanced carrier aggregation band combinations supported by RAN4, i.e., the number of aggregated DL carriers is larger than the number of aggregated UL carriers (typically only one carrier).   
Support for large UE bandwidth in NR
First of all, it could be directly assumed that the minimum NR UE receive bandwidth is at least the same as in LTE, i.e., 20 MHz. This is larger than the potential SS block bandwidths, hence there is no issue below 6 GHz. Potentially larger SS block bandwidths, such as up to[footnoteRef:1] 40 and 80 MHz, are applied for >6 GHz frequency bands, where carrier bandwidths will be large. It has been agreed in RAN1#88 that, from RAN1 specification perspective, maximum channel bandwidth per NR carrier is 400 MHz in Rel-15. It was further agreed [2] that: [1:  Note that a sequence SS sequence length of ~128 (which is assumed by many companies) would only require an SS bandwidth of 20/40 MHz, for a subcarrier spacing of 120/240 kHz, respectively. ] 

RAN1 is discussing the following alternatives for a wider BW CC, i.e., CC BW greater than X (e.g. 100 MHz), 
· A) UE is configured with one wideband carrier while the UE utilizes multiple Rx/Tx chains (Case 3)
· B) A gNB can operate simultaneously as wideband CC for some UEs (UEs with single chain) and as a set of intra-band contiguous CCs with CA for other UEs (UEs with multiple chains)
· FFS: Potential impact on design for the wide BW signal/channels
Note: The support of multiple Rx/Tx chains in the gNB within one wideband CC is not addressed in above discussion 
Therefore, even a minimum UE reception bandwidth of 40/80 MHz is expected to be realizable, especially for eMBB and URLLC services. If NR will support some form of narrowband low-complex UEs in the future, they could be introduced as an add-on feature with their specific signal/channel design. In fact, this approach is even more amenable for NR than it was for LTE, since there is support for more adaptive multiplexing and numerology.   
Another aspect is the power consumption of the UE. It should then be noted that in RAN1#87, it was agreed that NR should allow a UE to operate in a way where it receives at least downlink control information in a first RF bandwidth and where the UE is not expected to receive in a second RF bandwidth that is larger than the first RF bandwidth within less than X µs. This allows for operating with large bandwidths on a need basis, rendering in acclaimed significant power savings in the UE. Thus, with such bandwidth adaptation already in place, the need is less for requiring a small minimum UE bandwidth for the purpose of saving power/complexity.
Initial access
Completing initial access requires receiving the NR-PSS, NR-SSS and NR-PBCH. There would be several issues if the UE receive bandwidth is smaller than that of the SS block. 
NR-PSS/SSS reception
A typical UE performs receive filtering to extract the SS, therefore some guard band is needed around the SS (cf. the reserved subcarriers for the PSS/SSS in LTE). Thus, if the UE receive bandwidth is smaller than the SS block bandwidth, the SS sequence would have to be mapped non-contiguously in frequency, leaving empty subcarriers in between its parts. This is damaging to a wideband UE (which should be able to detect the whole SS sequence) since there is no benefit (in terms of receiver complexity or performance) of a non-contiguous sequence mapping. Another interpretation is that the non-contiguously mapped sequence constitutes multiple FDMed sequences. This is also not desired and it effectively implies that shorter sequences are used for UEs with minimum receive bandwidth smaller than that of the SS block, which gives less timing accuracy. This multiplexing issue is the same situation which was avoided in LTE by choosing a sufficient minimum UE reception bandwidth.
The NR-SSS should carry around 1000 cell IDs, regardless of the UE receive bandwidth capability. It would be particularly complicated to design an NR-SSS for providing around 1000 cell IDs to UEs with receive bandwidth smaller than that of the NR-SSS sequence. On the other hand, it is also a suboptimal design (i.e., a form of repetition coding) if there are multiple SS sequences which each convey the same information (e.g., the cell ID). 
Alternatively, if we should regard a non-contiguously mapped SS sequence as FDM transmission of multiple SS sequences, there appears to be no reason to constrain the SS sequences to be mapped in the vicinity of each other. Thus, if NR will later on introduce UEs with small minimum UE receive bandwidth, the mapping of their acquisition signals/channels may not have to be limited to locations next to the ‘normal’ NR-SS/PBCH used for eMBB and URLLC UEs. Dedicated PRBs for low-complexity UEs/services may be more suitable in that case.   
Based on the agreements in RAN1 #88 meeting, it is likely that different frequency band will have NR-SS with different SCS and transmission bandwidth. It seems inappropriate to define a single value of minimum UE receive bandwidth for all possible frequency bands. Otherwise, it may increase the cost for mobile manufacturers. Additionally, since smaller system bandwidth may be configure for a frequency band associated with a smaller SCS, it is not necessary to define a large minimum UE receive bandwidth for such frequency band. To this date, it is proposed that a frequency band-specific minimum UE receive bandwidth can be defined for each frequency band, where different frequency band is associated with different value of minimum UE bandwidth. 
NR-PBCH reception
While NR-PSS/NR-SSS are sequence-based, the NR-PBCH will be message-based, i.e., it includes encoding of the MIB bits and mapping modulation symbols to REs located within the SS block. Having a UE reception bandwidth which is smaller than that of the NR-PBCH will result in a very complicated design, requiring that correct MIB reception should be guaranteed (at very low SNRs) when a fraction of the NR-PBCH bandwidth is received. This would induce a highly sub-optimal channel encoding (with lots of repetitions) since it should guarantee good performance for UE capable of receiving the whole NR-PBCH as well as for UEs only capable of receiving part of the NR-PBCH. Similarly, as for the NR-PSS/NR-SSS, it would require that the NR-PBCH is mapped non-contiguously in the frequency domain. 
Since the UE is applying a front-end filter, the mapping of the NR-PBCH to frequency resources would be non-contiguous. In particular, even if it would be possible to receive part of the NR-PBCH, it would effectively increase the code rate for UEs with low receive bandwidth capability and result in worse coverage than for the UEs having larger receive bandwidth capability. This is in contradiction to the design objective of narrow-band UEs as supported in LTE-Advanced. A non-contiguous mapping will also suffer from worse channel estimation/bundling performance.
Alternatively, multiple independent PBCHs need to be transmitted by FDM, where the bandwidth of each PBCH is not larger than the minimum UE receive bandwidth. This is also a very ineffective channel design with lots of repetitions and overhead.
RRM measurements
It has been agreed in RAN1#88 that at least NR-SSS is used for DL based RRM measurement for L3 mobility in IDLE mode. If the minimum UE receive bandwidth would be smaller than the NR-SSS bandwidth, separate RRM performance requirements may have to be developed and these could become looser than for UEs able to receive the whole NR-SSS bandwidth, i.e., such UEs could feedback measurements with lower quality creating complicated handling in the gNB.
[bookmark: _Ref477268925]DL control design
Based on the agreements during previous meetings, it is likely that NR common search spaces are configured using MIB/system information/implicitly derived from initial access information, and UE-specific search spaces can be configured using RRC signaling. For a UE-specific search space, the bandwidth of related resource can be configured according to the UE’s receive bandwidth. As a result, whether the minimum UE receive bandwidth is smaller than that of SS block has little impact on UE-specific search space design. However, for common search space, more discussions about the impact on the bandwidth of related resource is needed before a conclusion can be drawn. 
According to the NR-CCE structures provided in our companion contribution [3], an approximate bandwidth same as that of the SS block, i.e., around 5 MHz with 15 kHz SCS, may be needed for the same capacity (16 CCEs) when resource containing common search spaces is mapped to two OFDM symbols. Due to a similar reason as the above discussion, having a UE receive bandwidth which is smaller than that of the SS block will also lead to a very complicated design since the CCEs are spread over the whole subband bandwidth and only part of the CCEs can be received.
[bookmark: _GoBack]It could be possible to restrict the transmission of common DCIs for scheduling of, e.g., system information, paging, etc. to a bandwidth no larger than that of the minimum UE receive bandwidth. Nevertheless, it may lead to significant performance loss since large aggregation levels (e.g., 4 and 8) and distributed CCE-to-REG mapping are always assumed for robust transmission within common search spaces. 
DL data reception
As agreed, resource allocation for data transmission for a UE not capable of supporting the carrier bandwidth can be derived based on a two-step frequency-domain assignment process, i.e., indication of a bandwidth part, followed by indication of the PRBs within the bandwidth part.
Similar to the discussions in Section 2.4, for UE-specific data, the bandwidth part can be assigned in a UE specific manner according to the UE’s receive bandwidth. Thus, the size of minimum UE receive bandwidth will cause little impact related to UE-specific data reception.  However, for common data, e.g., SIBx, it is desired that SIBx transmission can span a large bandwidth in order to ensure sufficient low coding rate to cope with different deployment scenarios. It is also desired that the SIBx transmission bandwidth is no greater the UE minimum bandwidth to allow the UE to decode SIBx reliably. Hence the minimum UE receive bandwidth shall span a relative large bandwidth in order to ensure common data transmission.
Conclusion
The consequences of limiting the minimum UE receive bandwidth to be smaller than the SS block bandwidth are significant. It would result in very complicated signal/channel design and decreased performance. If NR eventually would support narrowband UEs, optimized and specific signal/channel design could be introduced in an add-on fashion later on. Therefore, within the NR scope of eMBB and URLLC, the following proposal is made: 
Proposal 1: The minimum UE receive bandwidth is at least not smaller than the SS block bandwidth.
Proposal 2: A specific minimum UE receive bandwidth is defined for each frequency band.
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