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1 Introduction
In RAN4#100e and RAN#93, the introduction of introducing 3Tx handheld UE was proposed [1-2], and comments were received. This paper will further discuss the questions related.
2 Discussion

2.1 Why 3Tx is needed
3Tx was motivated by the observation of big imbalance b/w UL (max 1band x 2CC x 2Layer) and DL (max 4bands x 8CC x 4layer) currently and also the demands in continuing UL enhancement. 
In [3], the 3UL inter-band CA was also proposed by Operators in RAN4 from real deployment perspective and proposals there were reproduced in below.
	Although DL throughput has been vastly improved throughout LTE advanced and NR, UL is still slow to catch up. The number of CA(s) is limited in 3GPP standards, and even with NR, its portion of UL slots might not be enough to address operators’ needs to enhance UL speed. For example, when an LTE/NR access is shared for indoor cellular connectivity through indoor repeaters, users might experience bad service quality due to limited UL throughput…

We propose to investigate specific RF bands combinations of EN-DC 3DL/3UL with LTE inter-band 2CC and NR 1CC (FR1) as a starter, for which operators have immediate and specific needs.


Observation 1:    There is Operator demands to further enhance UL performance especially 3UL inter band combinations.
From above, it is clear that further enhancement in UL is needed, however, as pointed out by [1, 3] what can be enhanced is quite limited in 3GPP with current handheld UE 2Tx chain assumptions.
· 2Tx chain was the basic handheld UE assumption in NR FR1 high bands, for example n41, n77, n78 and n79. This makes UL MIMO for single CC is enabled in the beginning of 5G NR in these bands.
· To enhance the UL throughput, UL CA was introduced in Rel-17, however, it was found that both UL CA and UL MIMO has big impact on UE architecture due to limitation of max 200MHz commercial PA CBW. This leads to UL CA+UL MIMO can be supported only in 200MHz contiguous UL CA case with the 2Tx chain assumption. 
· And for intra-band non-contiguous UL CA or inter-band UL CA, only single layer can be supported with the 2Tx chain assumption.
The reason behind is that in Rel-17 FR1 enhancement WI, though one PA to cover the non-contiguous UL CA was considered to be an potential implementation, there would be large MPR which makes UE will implement two PAs with each PA covering 1CC to support the non-contiguous UL CA in the end. That’s why two PAs with each supporting one CC of non-contiguous UL CA is the baseline architecture for non-contiguous UL CA without UL MIMO.
Observation 2:    Inter-band UL CA cannot support UL MIMO with 2Tx chain restriction.

Observation 3:    UL MIMO for non-contiguous UL CA most likely will not be supported due to large MPR in 2Tx chain assumption.

The max capability that 2Tx UE can achieve is 

· max power is 26+26
· max MIMO+CA is 2layer+200MHz contiguous CA
· no MIMO in non-contiguous CA, inter-band CA, and EN-DC

· max concurrent Bands is two
However, all these capabilities are already supported in RAN4 and no more can be enhanced.
Observation 4:    UL has reached its roof under 2Tx assumption and no more can be enhanced.

Proposal 1:         It is proposed to introduce 3Tx chain UE architecture assumption.
2.2 What benefit 3Tx can bring
In [2], it gives the potential enhancements that 3Tx can bring, i.e. power enhancement, MIMO enhancement, 3 bands Tx, and Tx switching transmission enhancement.
2.1.1 Power enhancement with 3Tx
Power enhancement is straight forward and meaningful enhancement with 3Tx since higher power will give benefit to enlarge the UL coverage and also the max UL throughput. This is well understood by the industry and also the reason why PC2 and PC1.5 bands and band combinations are continue being introduced in RAN4.
The power class currently is defined as the total power no matter in single band or band combinations. For the case of band combinations the max power is shared among the concurrent bands, e.g. LTE bands and NR bands. One potential issue is that the NW is deployed according to the SA mode, e.g. LTE coverage is deployed before NR is introduced, thus it is expected that UE can transmit the max power to get the cell full coverage. However, in band combinations the power is shared among the concurrent CCs and once the power is not enough then the power prioritization has to be decided according to the 38.213 rules. Problems like dropping SCC or reduce the low priority CC throughput will happen. 
These issues are caused by the power limitations and has been discussed in Rel-17 for a long time. Therefore, even we say UE power class now is already PC2 for a band combination, the power demands has never stops. Any improvement of UL power capability is meaningful especially for band combinations even with the cost of lowering Tx time.
Observation 5:    Max power is shared among band combinations which caused the Tx power is lower than the single band power in SA mode.

Observation 6:    LTE NW is deployed before NR, and is according to the full Tx power of power class. Lower Tx power will cause connectivity problems in NW like CC dropping issues.
Proposal 2:         It is proposed to study the power enhancements with 3Tx UE architecture, and leverage conclusions in Rel-17 Power_Limit_CA_DC WI as much as possible.
The reference UE architectures for UE with 3Tx may include for example three PC2 PAs, one PC3 PA+ two PC2 PAs, two PC3 PA+ one PC2 PA, three PC3 PAs, etc. And the achievable max power is as below:

	UE architecture
	3 x 26 PAs
	23 + 2x26 PAs
	26 + 2x23 PAs
	3 x 23 PAs

	Max power
	30.8dBm
	30dBm
	29dBm
	27.7dBm


How to align requirements or down select reference architectures can be discussed in Rel-18. Actually in Rel-17 the discussion has already happened and a new WI [4] has been introduced to enable UE with 23+26 PA configurations to achieve higher Tx power. The introduction of 3Tx and also the potential power enhancement could lavage the outcome of discussion there to save the discussion time.
Observation 7:    The discussion of 3Tx power enhancements could leverage the discussion of Rel-17 WI Power_Limit_CA_DC where approaches of increasing UE power high limit for CA and DC is ongoing.

2.1.2 MIMO enhancement with 3Tx
MIMO is also an important aspect that need to be carefully considered. As discussed in the start of section 2.1, currently MIMO is limited to 1layer in non-contiguous UL CA and inter-band CA/EN-DC. That means UE cannot benefit from UL CA and UL MIMO simultaneous especially in non-contiguous and inter-band cases to improve UL performance.
In general, MIMO can be enhanced in the below aspects:
· 2 layer in one band and 1 layer in the other band for non-contiguous UL CA, inter-band UL CA, and EN-DC
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Figure 3 2 layer in one band and 1 layer in the other band
This is the most promising scenario that 3Tx can be given without impact to other groups, and no much impact to UE implementation as well.
It should be noticed that even with the same power class comparing to 2Tx case, the 3Tx still can provide significant MIMO throughput gain in the cell. 
Regarding the statement of “using 3Tx to achieve same power class as 2T is not a good approach” actually it is not accurate because MIMO throughput can be improved and if this statement is true then RAN4 doesn’t need to introduce PC3 and PC2 for UL MIMO since these power classes can be achieved by 1Tx. And it is not always true to say “from UE product development perspective, less Tx chain is preferred to achieve the same power level, to reduce the cost, heating dissipation and complexity”.
Observation 8:    2Tx in one band and 1Tx in the other band can be supported without impact to other group and also no much impact to UE implementation.
Observation 9:    It is not always true to say “from UE product development perspective, less Tx chain is preferred to achieve the same power level”, because even with same power class, 3Tx can still provide MIMO throughput gain comparing to 2Tx, otherwise, there was no need to introduce PC2 and PC3 2Tx in the spec since they both can be achieved by 1Tx.
Proposal 3:         It is proposed to study the MIMO enhancements with 3Tx UE architecture, especially 3Tx in EN-DC and inter-band CA.
2.1.3 3 bands Tx simultaneously
3 bands Tx simultaneously is also a straight forward enhancement for UE with 3Tx, though the complexity might be high in some cases with IMD issues. In [3], it was proposed to investigate specific RF band combinations of EN-DC 3DL/3UL with LTE inter-band 2CC and NR 1CC (FR1) as a starter, for which operators have immediate and specific needs. This is same motivation as the item here.
In LTE Rel-14 the 3bands concurrent scenario has been studied and TR 36.714-03-03 [5] was produced. And at that time the work item is not continued due to no operator demands at that time. However, now operator demands has been shown in RAN4 [3], and it is time for RAN4 to continue the normative work in Rel-18.
Observation 10:   3bands concurrent transmission scenario has been studied in RAN4 Rel-14 with a TR outcome, however, work item was not introduced due to no operator demands at that time. Now operator demands has been shown in RAN4, and it is time for RAN4 to continue the normative work in Rel-18.
It is well understood of the potential complexity for some band combinations, and to reduce the complexity some example band combinations (probably not much interference combination) could be used as starting point based on operator real demands.
Observation 11:   Certain example band combinations based on operator request can be used as starting point to reduce the complexity.
Proposal 4:         It is proposed to study the 3 bands Tx scenario and limit the scope of band combinations based on operator requests to reduce complexity.

2.1.4 Tx switching transmission enhancement
Tx switching between low band and high band was introduced from Rel-16 as an important feature to enlarge UE UL coverage and meanwhile improve UL throughput considering the limitation of 2Tx chain in UE.

Now with 3Tx chain architecture introduced in RAN4, the 1Tx low band and 2Tx high band concurrent transmission can be achieved. For these UEs, 0us Tx switching actually can be supported for example switch from the low band to high band though to save power, etc.
From this perspective, Tx switching transmission can be enhanced with introduction of 0us switching time.
Observation 12:   0us Tx switching can be achieved with 3Tx chain architecture and be applied in some cases like power saving.

Proposal 5:         It is proposed to introduce 0us switching time capability in Tx switching transmission feature.

2.3 UE implementation impacts
UE implementation complexity is always deserve to be carefully analyzed. And below will discuss how to support the 3Tx chain architecture and also the impacts to UE implementation.
2.1.5 Architecture choices

Figure 5 is the current 2Tx UE architecture illustration, UE with 2LO in RFIC which can generate two frequency point for up conversion, and in the RFFE two PAs are activated.
Figure 6 gives two potential 3Tx UE architectures, and left one is based on 2LO in RFIC but with 3Tx chain and 3PA, the right one is based on 3LO in RFIC and 3PA.
· Comparing with current 2Tx UE architecture, some UEs currently already have 3Tx chain with 2LO like figure 6 left architecture. For these UEs, the update is mainly in RFFE. Besides, current UE typically already implemented with 2PAs in high bands like n41, n78 and n79, and another PA module to support the low and mid bands. Therefore, if the 3Tx happens on the same high band, then another high band PA needs to be implemented. However, if the 3Tx happens between two bands with one in the low band and another in the high band, then the only update is activating the three PAs simultaneously (currently only two PAs are activated).
· For the UE architecture in Figure 6 right one, one additional LO is needed. And the impact to RFFE is similar as the left architecture in Figure 6. Comparing with the left architecture in Figure 6, the right architecture can support three different bands transmit simultaneously like 2LTE bands + 1NR band, or 1LTE band + 2NR bands.
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Figure 5 Current 2Tx UE architecture
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Figure 6 Potential 3Tx UE architectures

Observation 13:   Some UEs already supports 3Tx chain with 2LO, and typically also have 3PAs with 1 low/mid band PA and 2 high band PAs while only activate 2 PAs simultaneously.

Observation 14:   To support 3Tx simultaneously, UE can implement 3Tx chain with 2LO or 3LO, and activate 3PAs at the same time.

Proposal 6:         It is proposed to further discuss whether 3Tx chain with 2LO or 3LO or both architectures are taken as the reference architecture in the work item phase.

2.1.6 SAR and heating issue
SAR issue is generated together with high power UE. It always cause concern on how to facilitate UE to meet SAR requirements and restrict Tx time or apply PMPR are the usual approach that can be considered also for 3Tx no matter under existing power class or new power classes.
Heating is also an issue that need to be considered in implementation, and it has direct connection with the Tx time. With longer Tx time, the heating would be severer. Therefore, similar as SAR, with restricting Tx time, heating is not expected to be a key issue.
Observation 15:   Restricting Tx time or apply PMPR are the usual approach that can be considered also for 3Tx to solve SAR and heating issue.

Proposal 7:         It is proposed to further discuss whether restrict Tx time or apply PMPR for 3Tx UE in the work item phase.

2.4 Other issues
· What is the baseline capability assumption in terms of number of Tx for other work areas?
· 1/2Tx are baseline Tx assumptions, 3Tx is optional and may not be supported by some UEs.
· Whether 3Tx chain UE is a common design for smart phone in Rel-18 timeline.

· 3Tx chain is a feature that doesn’t require all UEs to support as the 8Rx or other features. It can be implemented in some bands in Rel-18 timeline. And to support 3Tx is a balance between UE implementation complexity and performance enhancement consider the smartphone form factor restrictions.
· What prevents a UE from implement 3Tx, then this UE could support UL-MMO.

· It can be understood that supporting 3Tx will add some costs and complexity, but meanwhile can improve performance in UL.
· Whether this can be covered by 4Tx CPE?

· It is too challenging for smartphone to support 4Tx, and the factors are expected to be different considering the UE form factor differences like antenna isolation, front end loss, etc. These will lead to different requirements in the end.
· For inter-band UL CA with UL-MIMO on one band, does it mean UE will have three active Tx?

· Yes, 1T@band A+ 2T@band B concurrent transmission
3 Conclusions
Why 3Tx is needed
Observation 1:    There is Operator demands to further enhance UL performance especially 3UL inter band combinations.

Observation 2:    Inter-band UL CA cannot support UL MIMO with 2Tx chain restriction.

Observation 3:    UL MIMO for non-contiguous UL CA most likely will not be supported due to large MPR in 2Tx chain assumption.

Observation 4:    UL has reached its roof under 2Tx assumption and no more can be enhanced.

Proposal 1:         It is proposed to introduce 3Tx chain UE architecture assumption.

What benefit 3Tx can bring
· Power enhancement with 3Tx
Observation 5:    Max power is shared among band combinations which caused the Tx power is lower than the single band power in SA mode.

Observation 6:    LTE NW is deployed before NR, and is according to the full Tx power of power class. Lower Tx power will cause connectivity problems in NW like CC dropping issues.

Proposal 2:         It is proposed to study the power enhancements with 3Tx UE architecture, and leverage conclusions in Rel-17 Power_Limit_CA_DC WI as much as possible.

Observation 7:    The discussion of 3Tx power enhancements could leverage the discussion of Rel-17 WI Power_Limit_CA_DC where approaches of increasing UE power high limit for CA and DC is ongoing.

· MIMO enhancement with 3Tx
Observation 8:    2Tx in one band and 1Tx in the other band can be supported without impact to other group and also no much impact to UE implementation.
Observation 9:    It is not always true to say “from UE product development perspective, less Tx chain is preferred to achieve the same power level”, because even with same power class, 3Tx can still provide MIMO throughput gain comparing to 2Tx, otherwise, there was no need to introduce PC2 and PC3 2Tx in the spec since they both can be achieved by 1Tx.
Proposal 3:         It is proposed to study the MIMO enhancements with 3Tx UE architecture, especially 3Tx in EN-DC and inter-band CA.

· 3 bands Tx simultaneously
Observation 10:   3bands concurrent transmission scenario has been studied in RAN4 Rel-14 with a TR outcome, however, work item was not introduced due to no operator demands at that time. Now operator demands has been shown in RAN4, and it is time for RAN4 to continue the normative work in Rel-18.
Observation 11:   Certain example band combinations based on operator request can be used as starting point to reduce the complexity.

Proposal 4:         It is proposed to study the 3 bands Tx scenario and limit the scope of band combinations based on operator requests to reduce complexity.

· Tx switching transmission enhancement
Observation 12:   0us Tx switching can be achieved with 3Tx chain architecture and be applied in some cases like power saving.

Proposal 5:         It is proposed to introduce 0us switching time capability in Tx switching transmission feature.

2.3 UE implementation impacts
· Architecture choices
Observation 13:   Some UEs already supports 3Tx chain with 2LO, and typically also have 3PAs with 1 low/mid band PA and 2 high band PAs while only activate 2 PAs simultaneously.

Observation 14:   To support 3Tx simultaneously, UE can implement 3Tx chain with 2LO or 3LO, and activate 3PAs at the same time.

Proposal 6:         It is proposed to further discuss whether 3Tx chain with 2LO or 3LO or both architectures are taken as the reference architecture in the work item phase.

· SAR and heating issue

Observation 15:   Restricting Tx time or apply PMPR are the usual approach that can be considered also for 3Tx to solve SAR and heating issue.

Proposal 7:         It is proposed to further discuss whether restrict Tx time or apply PMPR for 3Tx UE in the work item phase.
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