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In RAN #80 meeting [1], the following WI was approved as one of work items for NR MIMO Enhancements.
· Specify enhancement to allow full power transmission in case of uplink transmission with multiple power amplifiers (assume no change on UE power class)
In this contribution, enhancements to allow full power transmission for uplink PUSCH transmissions is address in Section 2. The enhancement to allow full power transmission with simultaneous PUSCH and PUCCH transmission is address in Section 3. Conclusions are drawn in Section 4. 
[bookmark: _Ref525738522][bookmark: _Ref471731770][bookmark: _Ref462669569]Full Tx power transmission for PUSCH
[bookmark: _Ref525130922]Full Tx power transmission for PUSCH with non-coherent antenna
In NR Rel. 15, two key restrictions can potentially prevent a UE from transmitting PUSCH at full power. The first issue arises due to restrictions on transmit precoder codebook for UEs with UEs with non-coherent or partially coherent antennas (see Tables 7.3.1.1.2-2 to 7.3.1.1.1.2-5 in 38.212), and the second is due to the power allocation rule in 38.213, Section 7.1 This section focuses on addressing these two issues.
Issue 1: Restriction on TPMIs for UEs with non-coherent or partially-coherent antennas


In NR Rel. 15, for PUSCH transmission using codebooks, when UEs have non-coherent antennas or partially coherent antennas, the set of TPMIs are restricted so that the precoder for a layer only spans a coherent subset of antennas (see Tables 7.3.1.1.2-2 to 7.3.1.1.1.2-5 in 38.212). For example, if a UE with 2T4R capability has two non-coherent antennas, then the precoders are restricted to be either  or . Such a restriction can prevent such UEs from transmitting at full power. For example, suppose the UE is a class-3 UE, powered by 2 PAs, each with a 20 dBm output rating, then the UE cannot transmit at full power in the scenario described above.
Issue 2: Uplink power allocation
In NR Rel. 15, 38.213, Section 7.1 states that





 “For PUSCH, a UE first scales a linear value  of the transmit power  on UL BWP , as described in Subclause 12, of carrier  of serving cell , with parameters as defined in Subclause 7.1.1, by the ratio of the number of antenna ports with a non-zero PUSCH transmission to the number of configured antenna ports for the transmission scheme. The resulting scaled power is then split equally across the antenna ports on which the non-zero PUSCH is transmitted.” 

This rule requires scaling the linear value  of the transmit power  by the ratio of non-zero PUSCH ports to total configured ports, then divides the resulting power equally among non-zero PUSCH ports. Such an approach can prevent the UE from transmitting at full power. For example, consider a UE with 2 non-coherent antenna ports that is assigned the precoder , in this case, the first antenna port is assigned  transmit power (linear value) to transmit PUSCH. Thus, for a class-3 UE that is powered by 2 PAs, each with a 23 dBm output rating, the maximum transmit power for this precoder is 3 dB below the maximum power the UE can transmit at.
Resolving Issue 1 helps a class-3 UE with 2 PAs of 20 dBm output rating each to transmit at full power, while resolving Issue 2 helps a class-3 UE with 2 PAs having 23 dBm output rating each to transmit at full power. In what follows, we make proposals to address the above two issues.
Proposal to enable wider set of TPMIs for UEs with non-coherent or partially-coherent antennas
As noted in the prior Section, restricting precoders to non-zero entries within coherent subsets of antenna ports can prevent a UE from transmitting at full power. Additionally, such a restriction does not take full advantage of all available transmit chains at the UE. Using all available chains can potentially bring more diversity gains in addition to power and help improve performance. One crucial observation in this context is that transparent diversity schemes such as small cyclic delay diversity (S-CDD) do not require coherent across antenna ports. This motivates us to consider schemes that exploit precoding within coherent set of antenna ports while deploying diversity schemes across non-coherent set of antenna ports.
In particular, we envision a two-step process wherein the UE first precodes the transmit signal using the assigned precoder, followed by the application of a transparent diversity scheme across the non-coherent sets of antennas. This process is illustrated in the following two figures for a UE with 2 non-coherent antenna ports and a UE with 4 pairwise-coherent antenna ports.


Figure 1: Precoding + CDD for a UE with 2 non-coherent antenna ports



Figure 2: Precoding + CDD for a UE with 4 pairwise coherent antenna ports

As illustrated in Figure 2, the precoder assigned to a UE with 4 pairwise coherent antenna ports can be interpreted to contain two  precoders, one spanning the first pair of coherent antenna ports and the second spanning the second pair of coherent antennas. With this interpretation, the precoding operation can be seen as synthesizing two virtual antenna ports that are non-coherent with each other. In the second step, a transparent diversity scheme such as cyclic delay diversity (CDD) is used across these two virtual antenna ports to synthesize a single virtual port for uplink transmission.
Such a scheme is observed to show performance gains compared to current Rel. 15-compliant transmission of codebook-based PUSCH transmission. In the following figure the proposed scheme is compared against a 1 or 2 layer codebook-based  PUSCH transmission for a UE with 4 pairwise-coherent antenna ports. Note that for 1 layer transmission, only 2 of the 4 antenna ports are used while the two layer transmission can potentially use all four antenna ports.
[image: ]
Figure 3: Performance of the proposed scheme compared to Rel. 15-compliant precoding scheme

One potential concern of such a scheme is on whether the base station can reliably predict the CQI in uplink based on the SRS received from the non-coherent antennas ports of a UE. To verify this, we aim to reconstruct the effective channel in uplink if we were to synthesize the virtual PUSCH ports as outlined earlier, use this channel estimate to predict CQI in uplink and close the loop on link adaptation (LA). Assuming the delay used for CDD is also reflected in the SRS (refer to Section 2.2 for more details on this), the only unknown is the random relative phase difference across the antenna ports. Exact knowledge of this variable allows a faithful reconstruction of the channel on the virtual port, while the lack of this knowledge only allows a coarse reconstruction of the channel.
Since the base station does not having access to this value apriori, only a coarse estimate can be formed. However, simulations show that there is very little performance gap between the case where the base station is provided this value via a genie or the case where base station assumes a random relative phase difference to predict uplink CQI. Thus, these results show that it is indeed possible to get a reasonably accurate estimate of CQI using a random value for this unknown without compromising on performance. 
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Figure 4 Performance with link adaptation using CQI computed using either genie information on the relative phase difference or or some nominal value for the relative phase difference
 Based on these observations, we can consider allowing UEs with noncoherent antennas to use the following TPMIs:
· TPMIs 0 to 2 in 38.211 Table 6.3.1.5-1 (Single-layer transmission using two antenna ports),
· TPMIs 0 to 4, 8, and 12 in 38.211 Table 6.3.1.5-2 (Single layer transmission using four antenna ports with transform precoding), 
· TPMIs 0 to 4, 8, and 12 in 38.211 Table 6.3.1.5-3 (Single layer transmission using four antenna ports without transform precoding),
· TPMI 0 to 6 in 38.211 Table 6.3.1.5-5 (Two layer transmission using four antenna ports without transform precoding),
· and TPMI 0 to 2 in 38.211 Table 6.3.1.5-6 (Three layer transmission using four antenna ports without transform precoding).
Similarly, we can consider allowing UEs with partially coherent antennas (pairwise coherence) to use the following TPMIs:
· TPMIs 0 to 19, in 38.211 Table 6.3.1.5-2 (Single layer transmission using four antenna ports with transform precoding)
· TPMIs 0 to 19 in 38.211 Table 6.3.1.5-3 (Single layer transmission using four antenna ports without transform precoding). 

Based on these observations we make the following proposal
[bookmark: _GoBack]Proposal 1: for UE with non-coherent or partial coherent antenna ports, allow following PUSCH precoders with non-zero entries that span across non-coherent antenna ports with up to UE implementation e.g. a small cyclic or linear delay is applied across non-coherent antenna ports.
· Introduce a new codebookSubset = “noncoherent” in 38.212 Section 7.1 for UEs with noncoherent antennas to include:
· TPMIs 0 to 2 in 38.211 Table 6.3.1.5-1 (Single-layer transmission using two antenna ports),
· TPMIs 0 to 4, 8, and 12 in 38.211 Table 6.3.1.5-2 (Single layer transmission using four antenna ports with transform precoding), 
· TPMIs 0 to 4, 8, and 12 in 38.211 Table 6.3.1.5-3 (Single layer transmission using four antenna ports without transform precoding),
· TPMIs 0 to 19, in 38.211 Table 6.3.1.5-2 (Single layer transmission using four antenna ports with transform precoding)
· TPMIs 0 to 19 in 38.211 Table 6.3.1.5-3 (Single layer transmission using four antenna ports without transform precoding). 
· For Tables not listed above, set of allowed TPMI remains same as that for codebookSubset “nonCoherent” in 38.212
· Introduce a new codebookSubset = “partialAndNonCoherent” in 38.212 Section 7.1 for UEs with partial and noncoherent antennas to include:
· all TPMIs in 38.211 Table 6.3.1.5-2 (Single layer transmission using four antenna ports with transform precoding)
· all TPMIs in 38.211 Table 6.3.1.5-3 (Single layer transmission using four antenna ports without transform precoding). 
· For Tables not listed above, set of allowed TPMI remains same as that for codebookSubset “partialAndNonCoherent” in 38.212
· Support of this feature is subject to UE capability per band-band combination
Proposal for enhancing uplink power allocation 



Given proposal 1, it is clear that for UEs with CDD capability, full power transmission can be achieved when precoders with all non-zero entries are assigned to the UE. For example, for a UE with 2 noncoherent Tx, a precoder  can be used to allow full power transmission with S-CDD. The remaining issue is on how to allow UEs to transmit at full power with precoders having zero entries, e.g. precoder  or .

Enabling full power transmission with precoders having zero entries is heavily dependent on a UE’s PA output rating. Given a power class 3 UE without CDD capability, if equipped with two noncoherent Tx/PA as an example, the situation can be summarized in the following table. For a power class 3 UE with CDD capability, the situation is more complex. For example, for a UE with two 23dBm PAs, when precoder is scheduled, UE can either use single PA to achieve full power or use two PAs via CDD to achieve full power transmission. The former is more power efficient while the latter can provide some diversity gain. NR Rel-16 should allow flexible UE implementation to dynamically switch between the two approaches for tradeoff between performance optimization and UE battery power saving. 
In summary, due to heavy dependence on UE PA implementation, whether and how to support full power transmission with precoders with zero entries should be up to UE implementation. In other words, if precoder [1,0] is scheduled to a UE, it is up to that UE’s implementation to keep or remove “the ratio of the number of antenna ports with a non-zero PUSCH transmission to the number of configured antenna ports for the transmission scheme”, i.e., to transmit with up to 20Bm or 23dBm. 
However, the UE’s behavior should be consistent among different PUSCH transmissions with the same precoder. If UE keep the ratio for a precoder P, UE should keep the ratio for all PUSCH transmissions with precoder P. If UE remove the ratio for a precoder P, UE should always remove the ratio for PUSCH transmissions with precoder P. In other words, UE should use consistent Pc_max minus calculated PUSCH power based on power control equation to generate power head room report. UE is required to maintain consistent PHR on different occasions of PUSCH transmissions with same precoder so network can maintain stable power control loop. 
Table 1: Full power transmission with different PA settings (assume without S-CDD capability) 
	PA setting/Capability
	S-CDD with precoder [1,1] with full power transmission
	Precoder [1,0] with full power transmission
	Precoder [0,1] with full power transmission

	20dBm+20dBm
	not support
	not support
	not support

	20dBm+23dBm
	not support
	Not support
	support

	23dBm+20dBm
	not support
	support
	Not support

	23dBm+23dBm
	not support
	support
	support



Table 2: Full power transmission with different PA settings (assume with S-CDD capability) 
	PA setting/Capability
	S-CDD with precoder [1,1] with full power transmission
	Precoder [1,0] with full power transmission
	Precoder [0,1] with full power transmission

	20dBm+20dBm
	support
	Support via CDD
	Support via CDD

	20dBm+23dBm
	support
	Support via CDD
	Support via CDD or single PA

	23dBm+20dBm
	support
	Support via CDD or single PA
	Support via CDD

	23dBm+23dBm
	support
	Support via CDD or single PA
	Support via CDD or single PA



Proposal 2: For PUSCH precoders with zeros entries 
· It is up to UE implementation to decide whether and how to support full power transmission. 
· UE is required to maintain consistent PHR on different occasions of PUSCH transmissions with same precoder
SRS related aspects to support full Tx power
Given the S-CDD proposal in Section 2.1, we need consider SRS sounding to support S-CDD based PUSCH. There are two aspects in SRS sounding: sounding for DL and sounding for UL. 













We consider sounding for UL first. Without loss of generality, we can consider an example of 2 noncoherent antenna UE with two 20dBm PAs. With additional S-CDD, there are three potential rank 1 TPMIs, which are  where the last one is the allowed a rank-1 TPMI with S-CDD applied cross the two uncorrelated Tx in proposal 1. The selection of TPMI at eNB is based on SRS sounding. There are two options we can consider for SRS sounding for UL purpose, as shown in Figure 5. Option 1 sounds only two ports,  and where  is from the first antenna port without delay and is from the second antenna port with CDD delay . The sounded channel from the first port is . The sounded channel from the second port is . A virtual SRS port which matches the precoder can be synthesized at eNB by . By pick up the best channel among , eNB selects TPMI among . With option 2, UE use additional SRS port to sound  explicitly. Since anyway eNB can synthesize the S-CDD channel by itself, the additional sounding port is not necessary from SRS resource saving and UE power saving point of view. 


[bookmark: _Ref525132172]Figure 5: SRS sounding for PUSCH


SRS sounding also need to serve for DL purpose such as PDSCH precoding/MCS selection. It can be proved that CDD on SRS has no impact on DL sounding. Without loss of generality, assume 2 Tx ports at UE. The raw channel (without CDD) is denoted by  on tone index n. Assume the second antenna port is applied with delay , the UL channel seen by eNB is given by

	 

eNB decides the precoder for DL based on the Hermitian of  based on reciprocity. H in the up-script denotes Hermitian operation.



Without CDD, eNB decides the precoder for DL based on SVD on  as follows 



With CDD, eNB can decides the precoder for DL based on SVD on  as follows 





Since is a unitary matrix, with CDD, the SVD results the same as without CDD, while with a slightly different matrix.



For DL precoding on eNB side, what matters is , which is common with or without CDD on SRS sounding. Therefore, CDD on SRS sounding has no impact on eNB’s decision on DL precoding. The MCS for each layer is governed by the eigen values  which again has nothing to do with the S-CDD, i.e.,  is same between with and without CDD on SRS. 


and are different between with and without CDD on SRS. But this difference is absorbed in DMRS and UE channel estimation will take care of it. 
In summary, based on the above observation, no additional SRS resource or SRS resource set need to be added in Rel-16 to support S-CDD scheme on PUSCH for full power transmission with non-coherent or partially coherent antennas.
Observation 1: To support full power PUSCH transmission with noncoherent or partially coherent antennas, there is no need to define new SRS ports for the allowed new PUSCH ports with applied small cyclic or linear delay. 
Proposal 3: To sound for PUSCH with the allowed precoders in Proposal 1, UE transparently apply a small cyclic or linear delay to a subset of existing SRS ports defined for codebook based PUSCH. The same amount of delay is applied in SRS sounding and corresponding PUSCH transmission.  
[bookmark: _Ref525738576]Simultaneous PUCCH+PUSCH transmissions across noncoherent antennas


[bookmark: _Ref463027406][bookmark: _Ref465963195][bookmark: _Ref466040522][bookmark: _Ref378529477][bookmark: _Toc424303267][bookmark: _Toc425248865][bookmark: _Toc425344835][bookmark: _Toc425350726][bookmark: _Toc425501584][bookmark: _Toc425504168]To maximize network scheduling flexibility, for UE with non-coherent antennas, e.g., a power class 3 UE equipped with two non-coherent 20dBm PAs, NW may schedule a PUSCH transmission with precoder  and a simultaneous PUCCH transmission for certain use cases. One typical use case can be illustrated as in Figure 6. Consider a DL heavy TDD configuration where there is one UL slot out of 10 slots, similar to LTE TDD configuration 5. Since it is UL light scenario, for a cell centre UE, for power saving purpose, eNB schedules a rank-1 PUSCH with TPMI  in slot n. Therefore, only 1 Tx antenna is active with this TPMI where the other Tx antenna is turned off so far. In later DL slots, e.g., in slot n+4, eNB scheduled a PDSCH for the same UE with HARQ-ACK scheduled to transmit in slot n+9. It makes much sense to use the other Tx antenna to transmit HARQ-ACK. Since these are two different channels on two Tx antenna ports, no coherence between the two Tx antenna has no impact at all to the two transmissions. Another approach is to multiplex HARQ-ACK on the rank-1 PUSCH. But the multiplexing approach does not work actually because the DL grant is later than the UL grant. Therefore, the UL grant scheduling PUSCH does not have resource provision for HARQ-ACK. Furthermore, dynamic beta offset indication cannot be applied for rate-matching for HARQ-ACK multiplexing, again due to the fact that DL grant is later than UL grant thus eNB does not know what the correct beta factor is without knowing the HARQ-ACK codebook size. Since multiplexing does not work well, simultaneous PUCCH and PUSCH transmission cross different antenna ports is a better solution for this scenario. Of course, if the sum of the ranks of the two transmissions exceeds the maximum UL rank supported by the UE or the sum power of the two transmissions exceeds Pc_max, UE need to drop one of the channels. 


[bookmark: _Ref525143849]Figure 6: Simultaneous PUCCH+PUSCH transmissions cross two non-coherent antennas
Proposal 4: For UE with MIMO capability, support simultaneous intra-UE PUCCH and PUSCH transmissions cross non-coherent or partial coherent antenna ports on one OFDM symbol.
· Channel dropping is applied if the sum rank or sum power of the simultaneous transmissions exceeds UE capability
[bookmark: _Ref525738606]Conclusions
In summary, we have the following proposals to address the full power uplink transmissions for Rel-16 MIMO enhancements. 
Proposal 1: for UE with non-coherent or partial coherent antenna ports, allow following PUSCH precoders with non-zero entries that span across non-coherent antenna ports with up to UE implementation e.g. a small cyclic or linear delay is applied across non-coherent antenna ports.
· Introduce a new codebookSubset = “noncoherent” in 38.212 Section 7.1 for UEs with noncoherent antennas to include:
· TPMIs 0 to 2 in 38.211 Table 6.3.1.5-1 (Single-layer transmission using two antenna ports),
· TPMIs 0 to 4, 8, and 12 in 38.211 Table 6.3.1.5-2 (Single layer transmission using four antenna ports with transform precoding), 
· TPMIs 0 to 4, 8, and 12 in 38.211 Table 6.3.1.5-3 (Single layer transmission using four antenna ports without transform precoding),
· TPMIs 0 to 19, in 38.211 Table 6.3.1.5-2 (Single layer transmission using four antenna ports with transform precoding)
· TPMIs 0 to 19 in 38.211 Table 6.3.1.5-3 (Single layer transmission using four antenna ports without transform precoding). 
· For Tables not listed above, set of allowed TPMI remains same as that for codebookSubset “nonCoherent” in 38.212
· Introduce a new codebookSubset = “partialAndNonCoherent” in 38.212 Section 7.1 for UEs with partial and noncoherent antennas to include:
· all TPMIs in 38.211 Table 6.3.1.5-2 (Single layer transmission using four antenna ports with transform precoding)
· all TPMIs in 38.211 Table 6.3.1.5-3 (Single layer transmission using four antenna ports without transform precoding). 
· For Tables not listed above, set of allowed TPMI remains same as that for codebookSubset “partialAndNonCoherent” in 38.212
· Support of this feature is subject to UE capability per band-band combination

Proposal 2: For PUSCH precoders with zeros entries 
· It is up to UE implementation to decide whether and how to support full power transmission. 
· UE is required to maintain consistent PHR on different occasions of PUSCH transmissions with same precoder

Proposal 3: To sound for PUSCH with the allowed precoders in Proposal 1, UE transparently apply a small cyclic or linear delay to a subset of existing SRS ports defined for codebook based PUSCH. The same amount of delay is applied in SRS sounding and corresponding PUSCH transmission.  
Proposal 4: For UE with MIMO capability, support simultaneous intra-UE PUCCH and PUSCH transmissions cross non-coherent or partial coherent antenna ports on one OFDM symbol.  
· Channel dropping is applied if the sum rank or sum power of the simultaneous transmissions exceeds UE capability
[bookmark: _Ref457730460][bookmark: _Ref450735844][bookmark: _Ref450342757]References
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