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1 Background
[bookmark: _Hlk67479244]Support of reduced capability NR devices and support of enhanced reduced capability NR devices (Rel-18) has been discussed in RAN4 for several meetings. 

[bookmark: _Hlk146027997]Possible solutions to facilitate further reduction of UE complexity such as SAW-less design was discussed in RAN4 #108 bis. Co-existence requirement between n13 and B14 for eRedcap and NR IBB requirements on eRedCap for n71 were discussed [2]. CRs were submitted but not pursued. This Tdoc is a resubmission of [2] with some further discussion. 
2 Discussion

Cost and complexity reduction is within the scope of Rel-18 eRedCap WI (NR_redcap_enh) [1], and the HW complexity is not precluded from the WI. Therefore, we continue discussing possibilities to achieve HW complexity and cost reduction in Rel-18. The SAW-less design is one of the main possibilities to achieve HW complexity and cost reduction. It is worth noting that it was no earlier than the introduction of Rel-18 eRedCap (supportOfERedCap-r18) and operating in HD-FDD mode making SAW-less design possible. This is discussed in more detail further down.
[bookmark: _Ref149746497]Observation 1	SAW-less design is only relevant with the capability supportOfERedCap-r18 and the operation in HD-FDD mode.
Cost reduction and grows of the eRedCap Eco-system
Possible cost reduction was studied in the SI and according to TR 38.875 [3] “For Type A HD-FDD, a high proportion of the cost saving occurs because the duplexer can be replaced with a switch and a lowpass filter”. TR 38.875 further states that cost reduction, due to HD-FDD operation, is in the order of 7%. Furthermore, all sourcing companies indicated that the RF cost savings (but not the baseband cost savings) accumulate across supported bands. Thus, for a low-cost global, one-SKU design, a SAW-less design is essential. 
[bookmark: _Ref149746531]Observation 2	For a low-cost global, one-SKU design, a SAW-less design is essential.
Cost reduction of eRedCap devices will facilitate the growth of the ecosystem. SAWless design will allow significant cost reduction of devices and thus more devices could be deployed to wider applications, bringing more clients and more service utilization of the network. Therefore, SAWless design will facilitate the growth of the ecosystem. 
[bookmark: _Ref149746950]Observation 3	Cost reduction of eRedCap devices will facilitate the growth of the ecosystem.
For eRedCap ecosystem to grow, eRedCap devices also have to be competitive over today’s alternatives as e.g., CAT-1bis devices. Otherwise, eRedcap devices won't give sufficient incentives for the transition into 5G, which will make it more difficult to decommission the older LTE technology in the future. Cheaper eRedCap devices will accelerate the market moving into 5G technology which will be easier to scale up for global deployment. Thus, unleashing new use cases and verticals will give benefits for the whole industry including module makers and operators.
[bookmark: _Ref149899957]Observation 4	Cheaper eRedCap devices will accelerate the market moving into 5G technology which will be easier to scale up for global deployment.
Why is this discussed in connection to the capability “supportOfERedCap-r18”
Due to PA nonlinearity and Tx noise outside the operating channel overlapping with the neighboring protected Rx bands makes the SAW-less design very problematic meeting the Tx OOB coexistence requirements and spectrum emissions. Rel-18 eRedCap class of the devices, with the capability “supportOfERedCap-r18”, made it possible to overcome the above obstacle since the BB channel bandwidth is limited by 5MHz and, thus, the OOB Tx emission into the protected Rx bands reduces significantly for most UE-coexistence scenarios. 
[bookmark: _Ref149899968]Observation 5	Rel-18 eRedCap class of the devices, with the capability “supportOfERedCap-r18”, made it possible meeting the Tx OOB coexistence requirements and spectrum emissions with a SAW-less design in most of the UE-coexistence scenarios.
However, for some cases where the Tx band is located very close to the protected Rx bands it is still very challenging. The worst case is the n13/B14 scenario with 9MHz offset between the bands which will be discussed in the next section. It should also be noted that SAW-less doesn’t mean filter-less. There still has to be a simple filter for harmonics and TX noise. This filter, however, is not enough to filter out all TX spurious, as we will see further down in this document. Therefore, we will discuss how to solve this for some critical bands. In addition, the feasible model to study and evaluate the impact due to SAW-less implementation should be carefully selected. Conventionally, RAN4 adopt some “calibrated PA” models to represent worst case implementation to derive the corresponding MPR values. However, such a model, in our view, is not feasible to be used as a basis for SAW-less implementation due to the poor linearity. Instead, state of art PAs with good linearity are more feasible to be used to evaluate the spec impact of SAW-less implementation. 
[bookmark: _Ref149752345]Observation 6	SAW-less design doesn’t mean filter-less. There is still a filter to filter out harmonics and TX noise.
[bookmark: _Ref149752367]Proposal 1	RAN4 shall adopt PA models with good linearity to evaluate the spec impact of SAW-less implementation.
Another obstacle for realizing the HD-FDD SAW-less design exists on the Rx side where the Rx IBB spec in some bands (n71 and n105) requires withstanding the modulated blockers from DTV broadcast at very close offsets from the band edges. This still requires band-specific SAW filters to avoid significant Rx de-sense, mainly due to Rx non-linearity effects.

In those cases, additional relaxations in eRedCap specs are required to make the SAW-less design feasible, and to achieve the complexity and cost reductions, targeted by the RedCap and eRedCap WI.
Co-existence requirement between n13 and B14
TS 38.101-1 requires Tx noise and spectrum emissions into the protected frequency bands not to exceed -50dBm/MHz, specified in TS 38.101-1 section 6.5.3.2, Spurious Emission for UE co-existence [3]. This requires SAW filters for channel BW > 5MHz to reduce PA IMD3 and IMD5 non-linearity products falling into the protected Rx bands. For Rel-18 eRedCap devices, the BB channel BW limitation to 5MHz facilitates the UE-coexistence and makes the SAW-less design possible in most co-existence scenarios. However, still some band combinations are very challenging without SAW filters. The main challenge for SAW-less design is when operating in n13, where the PA spectrum emission (IMD3) is falling into band 14 Rx band since there is very small frequency offset (9MHz) between n13 TX band and band 14 RX. This offset is smaller than the minimum Foob limit (10MHz for channel BW=5MHz). The applicability of UE-coexistence requirement in this case is allowed by special Note15 (in Table 6.5.3.2-1). 

[bookmark: _Ref142584086]Observation 7	n13 Tx noise and spectrum emission into band 14 Rx band is a major problem for a NR eRedCap SAW-less design (supportOfERedCap-r18), since the offset (9MHz) is smaller than the offset in other bands and smaller than the minimum Foob limit (10MHz).
Table 6.5.3.2-1: Requirements for spurious emissions for UE co-existence
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Our measurements on a few commercial NR PA types show spurious emission of -45 – -50dBm/MHz at the antenna connector which will be outside the specification. Particularly, one of the measurements is shown below, where emission level (due to IMD7 product) is -48.6dBm/MHz @9.5MHz offset and -51.6dBm/MHz@10.5MHz offset from the lower end of n13. 
[image: ]
Figure 1. The measurement emission level of n13 of a commercial NR PA.

Based on our initial measurement this issue is most critical when the eRedCap device is configured to transmit with starting RB frequency (RBstart) in the lower 1.8MHz frequency range of n13 and the configured RB length (LCRB) is larger than 20. About 5 dB total power backoff is required to ensure the spectrum emission into band 14 Rx is below -50 dBm/MHz. For CP-OFDM, this means about 2 dB power backoff in addition to existing MPR values (as defined [5]). For DFTs-OFDM, the additional power backoff of 4dB is needed. In both cases totally 5dB power backoff.
[bookmark: _Ref146108347][bookmark: _Ref142584094]Observation 8	The NR eRedCap SAW-less design requires additional power backoff to meet the n13/B14 co-existence requirement when LCRB*12*SCS > 3.6MHz and RBstart*12*SCS is < 1.8 MHz. 
[bookmark: _Ref142580787]To enable the possibility for SAW-less eRedCap design for n13 we suggest:
[bookmark: _Ref146104835]Proposal 2	Apply relaxation to allow reduced maximum power for eRedCap with the capability “supportOfERedCap-r18” when operating in HD-FDD mode in n13 when LCRB*12*SCS > 3.6MHz and RBstart*12*SCS is < 1.8 MHz. 
2.1.1 Changes to TS 38.101-1
How to introduce this new relaxation in the specification was discussed during RAN4 #108 in off-line sessions and the outcome was a suggestion to introduce a dedicated NS value for eRedCap (NS_08).  A draftCR for e new NS value was proposed in RAN4 #108 bis, however, during further discussion in that meeting it was concluded delta-MPR is a better way to introduce the proposed relaxation. 
[bookmark: _Ref149746551]Observation 9	During discussion in RAN4 #108 bis it was concluded that delta-MPR is a better way to introduce the proposed relaxation.
An outline of the proposed specification arrangement is found in a CR [6]. 
NR IBB requirements on eRedCap for n71
For eRedCap SAW-less design, the in-band blocking Case 3 and Case 5 in TS 38.101-1, Table 7.6.2-2 (see Figure 2) is very problematic to meet. 
[bookmark: _Ref149899939]Observation 10	For eRedCap SAW-less design, the in-band blocking Case 3 and Case 5 in TS 38.101-1, Table 7.6.2-2 is very problematic to meet.
The background of this requirement is found in TR 38.860 [8] clause 6.3.2 also referring to TR 36.755 [9]. 
“For the 600 MHz band, a similar situation exists with TV broadcast in adjacent channels. However, one significant difference is that power of the TV broadcast at 600 MHz is up to 1 MW. Assuming a similar propagation loss in 600 MHz compared to 700 MHz, the power level reaching the UE receiver is 13 dB higher for 600 MHz band compared to Band 17. However, considering that the propagation is slightly better at 600 MHz than 700 MHz, the maximum Rx power with high probability is 15 dBm higher, resulting in an Rx blocker level of -15 dBm. In FCC R&O 14-50, the television signal strength received by the UE is estimated at -23 dBm. This derivation is based on a received power level of -15 dBm coupled with a UE Rx antenna gain of -8 dBi. However, the 3GPP specifications also account for the case where the antenna gain may be as high as 0 dBi for different types of devices, for example, fixed or nomadic. In TS 36.101, it is stated that a reference antenna with a gain of 0 dBi is assumed for each antenna port. Taking this into account, the received power level is then also -15 dBm, consistent with the proposal here.” 
Further from TR 36.755 [9]: 
“While the above describes the necessary condition for the UE to withstand TV blocking interference, the feasibility of the UE to meet such requirement should also be considered. It is expected that the Rx filter in the duplexer will be required to provide rejection of the TV blocker.”
[bookmark: _Ref142467408][bookmark: _Ref131782590]The APT600 band is also discussed in [10]. Further, in [11] IBB requirement for n105 is discussed and in the end the IBB requirement was specified to -34dBm Case 5, Note 4 in Table 7.6.2-2, TS38.101-1 [4]. The reasoning was due to limited SAW filter performance. 
Firstly, for the eRedCap device the 0dBi antenna may not be relevant. A UE Rx antenna gain of -8 dBi, as used in FCC R&O 14-50 may be more relevant. Secondly, TR 36.755 further discusses the feasibility of SAW filters. Indeed, in a SAW-less implementation there are limitations and, therefore, we suggest adding a note relaxing Case 3 and Case 5 in-band blocker level to -34dBm which is also aligned with the outcome of the APT600 band discussion (refer to NOTE 4). We propose NOTE 6: In-band blocker level is reduced to -34dBm for Rel-18 eRedCap.  

[bookmark: _Ref142467420]Proposal 3	Add a note to TS 38.101-1, Table 7.6.2-2 allowing relaxation of the Case 3 (n71) and Case 5 (n105) in-band blocker level from -15dBm/-22dBm to -34 dBm for Rel-18 eRedCap devices, e.g.: 
“NOTE 6: Pinterferer is -34dBm for Rel-18 eRedCap devices.”



Table 7.6.2-2: In-band blocking for NR bands with FDL_high < 2700 MHz and FUL_high < 2700 MHz

NR band
Parameter
Unit
Case 1
Case 2
Case 3
Case 4
Case 5
 
Pinterferer
dBm
-56
-44
-15
-38
-224
 
Finterferer (offset)
MHz
-BWChannel/2 – 
FIoffset, case 1
and
BWChannel/2 + 
FIoffset, case 1
≤ -BWChannel/2 – 
FIoffset, case 2
and
≥ BWChannel/2 + 
FIoffset, case 2
 
-BWChannel/2-11
 
n1, n2, n3, n5, n7, n8, n12, n13, n14, n18, n20, n24, n25, n26, n28, n29, n34, n38,n39, n40, n41, n483, n50, n51, n53, n54, n65, n66, n67, n70, n74, n75, n76, n85, n91, n92, n93, n94, n100, n101
Finterferer
MHz
NOTE 2
FDL_low – 15
to
FDL_high + 15
 
 
 
n30
Finterferer
MHz
NOTE 2
FDL_low – 15
to
FDL_high + 15
 
FDL_low – 11
 
n71
Finterferer
MHz
NOTE 2
FDL_low – 12 to FDL_high + 15
FDL_low – 12
 
 
n105
Finterferer
MHz
NOTE 2
FDL_low – 12
to
FDL_high + 15
 
 
FDL_low – 7
NOTE 1:	The absolute value of the interferer offset Finterferer (offset) shall be further adjusted to MHz with SCS the sub-carrier spacing of the wanted signal in MHz. The interferer is an NR signal with 15 kHz SCS.
NOTE 2:	For each carrier frequency, the requirement applies for two interferer carrier frequencies: a: -BWChannel/2 – FIoffset, case 1; b: BWChannel/2 + FIoffset, case 1
NOTE 3:	n48 follows the requirement in this frequency range according to the general requirement defined in Clause 7.1.
NOTE 4:        For Band n105 channels overlapping the 612 - 617 MHz frequency range, Pinterferer is modified to -34 dBm.
NOTE 4:	For SDL bands, requirements shall be applied only for CA band combination cases.


[bookmark: _Ref131781063]Figure 2		TS38.101-1, Table 7.6.2-2
An outline of the proposed specification change is found in a CR [7].
3 Conclusion
In this contribution, we have discussed the feasibility of SAW-less support of band n13 in a Global-SKU design for Rel-18 eRedCap devices. We have made the following observations and proposal: 
Observation 1	SAW-less design is only relevant with the capability supportOfERedCap-r18 and the operation in HD-FDD mode.
Observation 2	For a low-cost global, one-SKU design, a SAW-less design is essential.
Observation 3	Cost reduction of eRedCap devices will facilitate the growth of the ecosystem.
Observation 4	Cheaper eRedCap devices will accelerate the market moving into 5G technology which will be easier to scale up for global deployment.
Observation 5	Rel-18 eRedCap class of the devices, with the capability “supportOfERedCap-r18”, made it possible meeting the Tx OOB coexistence requirements and spectrum emissions with a SAW-less design in most of the UE-coexistence scenarios.
Observation 6	SAW-less design doesn’t mean filter-less. There is still a filter to filter out harmonics and TX noise.
Observation 7	n13 Tx noise and spectrum emission into band 14 Rx band is a major problem for a NR eRedCap SAW-less design (supportOfERedCap-r18), since the offset (9MHz) is smaller than the offset in other bands and smaller than the minimum Foob limit (10MHz).
Observation 8	The NR eRedCap SAW-less design requires additional power backoff to meet the n13/B14 co-existence requirement when LCRB*12*SCS > 3.6MHz and RBstart*12*SCS is < 1.8 MHz.
Observation 9	During discussion in RAN4 #108 bis it was concluded that delta-MPR is a better way to introduce the proposed relaxation.
Observation 10	For eRedCap SAW-less design, the in-band blocking Case 3 and Case 5 in TS 38.101-1, Table 7.6.2-2 is very problematic to meet.
Proposal 1	RAN4 shall adopt PA models with good linearity to evaluate the spec impact of SAW-less implementation.
Proposal 2	Apply relaxation to allow reduced maximum power for eRedCap with the capability “supportOfERedCap-r18” when operating in HD-FDD mode in n13 when LCRB*12*SCS > 3.6MHz and RBstart*12*SCS is < 1.8 MHz. 
Proposal 3	Add a note to TS 38.101-1, Table 7.6.2-2 allowing relaxation of the Case 3 (n71) and Case 5 (n105) in-band blocker level from -15dBm/-22dBm to -34 dBm for Rel-18 eRedCap devices, e.g.: 
“NOTE 6: Pinterferer is -34dBm for Rel-18 eRedCap devices.”
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