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1. Introduction

Document RP-211761 [1] was submitted to RAN#93e with the following proposal:

Proposal 1: Rel-16 pi/2 BPSK with 2-tap filter (1+D) to be specified in 3GPP specifications as a mandatory feature for Rel-17 UEs. Note that the UE TX power should be delivered by the existing MPR tables in Rel-16 specifications i.e., no new requirements are necessary for Rel-17 UEs.

Proposal 2: Increased UE Tx power (with a single PA up to 32 dBm) should be targeted by using the existing RAN4 study item in Rel-17 which may possibly necessitate the definition of a new power class.

The present document summarizes the RAN#93e discussions on the proposals, using email thread [93e-06-pi2-BPSK].
2. Initial Round
Companies are invited to provide their views using the tables below.
Proposal 1: Rel-16 pi/2 BPSK with 2-tap filter (1+D) to be specified in 3GPP specifications as a mandatory feature for Rel-17 UEs. Note that the UE TX power should be delivered by the existing MPR tables in Rel-16 specifications i.e., no new requirements are necessary for Rel-17 UEs.

	Company
	Comments on proposal 1

	Qualcomm
	We are open to discussion in conjunction with a generalized merger proposal based on the suggestion in RP-211761: ‘The proposals if incorporated in the current from would enable a “merger” between the 5Gi pi/2 BPSK waveform with that of the 3GPP 5G NR version.’

	T-Mobile USA
	Question 1) This proposal is only for bands n40, n41, n77, n78 and n79 as indicated in Table 6.2.2-1, correct?
Question 2) Does this mean that support for powerBoosting-pi2BPSK would also be mandatory? 
For Rel-17 we think powerBoosting-pi2BPSK can only be mandatory for PC3 UEs. Since MPR is not defined yet for pi/2 BPSK with spectral shaping and power boosting for power class 2, it doesn’t make sense to us to require pi/2 BPSK with 2-tap filter (1+D) for Power Class 2 UEs. 

	Huawei, HiSilicon
	In our understanding, Pi/2 BPSK is an optional feature for FR1 from Rel-15. And from the very beginning, it was agreed in both RAN1 and RAN4 that the specific filter type is not mandated, it is up to UE implementation. We think the proposal is not aligned with the previous agreements. Very strong justification is needed to take this proposal 1. 


	Ericsson
	We welcome any proposal to align 5Gi with 3GPP 5G NR. However, any proposal should also be technically justified. Mandating a UE feature will have to be motivated by a solid performance advantage. So far, a significant advantage of the proposed 2-tap filter as compared to the (transparent) filtering possible from Rel-15 has not been identified.  

	Skyworks
	It should be clarified which baseline power class are mandated for power boosting and associated duty cycle

	Nokia
	We are open to discuss a compromise way forward for aligning 5Gi with 3GPP 5G NR. However, we should continue defining UE requirements like in the current specifications and as discussed in the Rel-17 study item, instead of trying to specify a certain shaping filter.

	Intel
	In our understanding 3GPP does not explicitly define specific type of pulse shaping filter and “2-tap filter (1+D)” is transparent to 3GPP specs. So, we would like to confirm with the proponents that the proposal is limited to “powerBoosting-pi2BPSK” UE feature and the intention is to make respective requirements in Rel-16 FR1 RF specifications mandatory for Rel-17 PC3 UEs.

From our point of view, we are open to further discuss a compromise solution and consider a mandatory capability if it can help to harmonize with 5Gi and avoid technology fragmentation.

	IITH, IITM, CEWIT, Reliance Jio, Tejas Networks
	Since Rel-15, 5G NR has undergone multiple releases and yet pi/2 BPSK with spectrum shaping is not optimally exploited for deployments. The key elements in enabling this feature are the

a) specification of spectrum shaping,

b) MPR tables/UE power classes that enable optimum exploitation of this spectrum shaping and

c) making this a mandatory feature.

The benefits of 1+D filter over any other filter has been demonstrated since Rel-15 days. The benefits are:  

1. pi/2 BPSK DFT-s-OFDM with 1+D filter is shown to reach 32dBm with a PC2 device which is close to the saturation level of the PA. This benefit is purely because of the strong spectrum shaping using the 1+D filter. This large performance benefit can be obtained using the existing PA technology. The ability to reach up to 32 dBm with single PA is a remarkable feature for networks that aim for large coverage. 

2. Regarding, the filter choice, 1+D filter has minimal implementation complexity for the UE compared to any other filter. 

3. The dispersion caused by 1+D filter is least compared to any other filter. This has obvious benefits for channel estimation.

4. Not specifying the filter and leaving it open for implementation does not guarantee the above benefits.

5. Given that it is imperative to define the filter to guarantee the performance, 1+D filter is the optimum choice and therefore deserves introduction in the specification as a mandatory feature. 

	ZTE
	Usually shaping filter related issue should be left up to the implementation in past, therefore we don't see its necessity of putting that filter type explicitly in that proposal. In addition, there were similar discussion in RAN4 leading SID "Optimization of pi/2 BPSK uplink power in NR".

However we are also open to further discuss it to harmonize with 5Gi and 3GPP tech. 

	Vodafone
	We support the objective to have a single 5G standard. Ideally this should be based on the technical results from 3GPP studies (which seem to be still ongoing in RAN 1?) and take into account the technical comments from e.g. Intel, above, and practical aspects, e.g. from Skyworks, below. 

	MediaTek
	Just some question for clarification. As this is a study item, we are not 100% sure if we can mandate a certain implementation at this stage. It seems more like a WI discussion?

	Samsung
	It has been our view that new features in Rel-16 and later releases have to be UE-optional as a general principle. It is not clear to us why pi/2-BPSK has to be handled differently. 

We don’t see a good reason why the (1+D) filter has to be specified. As discussed before in 3GPP, the UE tx filter can be left as an implementation choice.


Proposal 2: Increased UE Tx power (with a single PA up to 32 dBm) should be targeted by using the existing RAN4 study item in Rel-17 which may possibly necessitate the definition of a new power class.

	Company
	Comments on proposal 2

	Qualcomm
	We are open to discussion in conjunction with a generalized merger proposal based on the suggestion in RP-211761: ‘The proposals if incorporated in the current from would enable a “merger” between the 5Gi pi/2 BPSK waveform with that of the 3GPP 5G NR version.’

	T-Mobile USA
	We support pi/2 BPSK with spectral shaping and power boosting for PC2 and PC1.5 and even PC1 (for FWA), but we would be hesitant about defining a new power class. 

	Huawei, HiSilicon
	It’s not clear what the targeted UE type is for this proposal. The max output power supported for handheld UE is PC1.5, i.e. 29dBm. And the UE architecture for this power class is 2x26dBm PA configuration. In addition, the targeted output power is still under discussion in RAN4 without conclusion. We think it would be better to continue the discussion and make decision in RAN4 based on further technical analysis.

	Ericsson
	We welcome any proposal to align 5Gi with 3GPP 5G NR. We are supportive to continue studying an increased UE Tx power as per agreed SID.

	Skyworks
	The target power for single PA should be based on power boosting of an existing 1Tx power class. Currently this PC2 and based on the characteristics of real PC2 PA2 targeting high PAE, the Psat of such PAs is lower than 32dBm thus we cannot agree to a target that would require a dedicated PA design only for shaped Pi/2 BPSK. We urge companies to be very careful with simulated results because the PA models are very poor in predicting the behaviour in the Psat region where state of the art linear PAs rather act like a limiter. Without measurement it is premature to set a target power and we can accept an objective  >29dBm with max boosting to be further evaluated. 

	Nokia
	We are open to discuss a compromise way forward for aligning 5Gi with 3GPP 5G NR. However, the compromise proposal should be clear so that there is no space for different interpretations. The current proposals are not sufficiently clear. We are also supportive of continuing studies for increased UE Tx power under the ongoing study item.

	Intel
	Increased UE TX power class can be discussed in the ongoing SI and it is not precluded based on current SID. We are supportive of the studies and prefer to have a discussion in RAN4 first as a part of SI.

	IITH, IITM, CEWIT, Reliance Jio, Tejas Networks
	5Gi is expected to enable LMLC deployments with large rural cells. Therefore, a UE that achieves up to 32dBm with single PA is our target to enable this large rural coverage. 

As mentioned before, our measurements show that we can indeed achieve 32dBm using a single commercial PC2 PA. 

This can be enabled as a power boost to an existing power class or a new power class definition. We are open for either approach. 

However, we are keen to see 5G deployments in India obtain the benefits of this feature in a reasonable time frame. 

	ZTE
	This was still under the discussion in RAN4, the initial agreement is to have PC2 UE as baseline for the power enhancement.

	MediaTek
	We are open to continue the discussion in RAN4.

	Samsung
	Increased UE TX power can be discussed in the SI according to the usual practice in 3GPP. We would not feel comfortable to set a kind of target value (up to 32 dBm with a single PA) already now
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