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Introduction
In this paper, we present our view on the remaining issues on DMRS bundling requirements according to WF[1].
Discussion
DMRS bundling combined with TxD 
In [1], whether the DRMS bundling requirement could be applied to the TxD is not decided:
New Issue 1: combing DMRS bundling feature with TxD and UL MIMO feature
 To further confirm the phase continuity tolerance requirement applicability on the feature of 
1. TxD 
2. UL MIMO
The transparent TxD is a RAN4 feature as there is no diversity scheme explicitly specified in RAN1 specification. In [2], it is discussed with 3 scenarios in the context of the codebook based transmission scheme, namely:
· Scenario-1: 
· NW use DCI format 0_0 to schedule PUSCH for 1layer 1Tx antenna port transmission, or    NW configured 1 SRS port in one SRS resource and use DCI format 0_1 to schedule codebook-based PUSCH transmission PUSCH with precoder [1] for 1layer 1Tx antenna port transmission.
· Scenario-2: 
· UE supports 2 SRS ports;
· NW configured 2 SRS ports in one SRS resource;
· NW use DCI format 0_1 to schedule codebook-based PUSCH transmission with precoder [1 0] or [0 1] in 1layer 2Tx precoder codebook, which corresponding to 2 SRS ports in the SRS resource 
· Scenario-3: 
· UE supports 2 SRS ports;
· NW configured 2 SRS ports in one SRS resource;
· NW use DCI format 0_1 to schedule codebook-based PUSCH transmission with precoder [1 1] in 1layer 2Tx precoder codebook, which corresponding to 2 SRS ports in the SRS resource. 
In [2], it is agreed that scenario 1 is the transparent TxD while Scenario 3 is not transparent TxD. There is a question whether the transparent TxD could be applied to non-zero power 1 Tx antenna port in scenario 2 but there is no conclusion in [2]. As in the context of the coverage enhancement, if UE can virtualize 1 Tx antenna port on 2 physical Tx chains, it can do so on the non-zero power Tx antenna port in scenario 2. In this sense, the JCE validation for transparent TxD only needs to verify/focus in scenario 1.
The simulation flow is setup according to the Figure 1 as below.
[image: ]
Figure 1: Transparent TxD simulation flow
When the UE virtualizes the physical antenna mapping F, one of the implementations could be CDD (cyclic delay diversity) with UE implementation specific precoding C’ and it is assumed that BS has no prior knowledge of the UE spatial filter F implementation (thus transparent TxD). 
Figure 2 shows the PUSCH BLER performance comparing the non-JCE TxD and JCE TxD. Figure 3 shows the PUCCH BLER performance. Comparing the non-JCE TxD and JCE TxD, both Figure 2 and Figure 3 show that there is around 1 dB JCE gain for 8 repetitions in TxD transmission compared with non-JCE TxD and this is similar gain between non-TxD non-JCE and non-TxD JCE. In simulation, the phase offset is added independently per Tx chain, which means if the UE is tested per antenna connector for each Tx chain and phase coherence requirement is met per antenna connector, the JCE performance over TxD transmission would be comparable with single Tx transmission.
[bookmark: _Ref101771490]JCE has similar gain for TxD transmission and non-TxD (single Tx) transmission
[bookmark: _Ref101771516]The DMRS bundling phase requirement could apply to TxD transmission if each Tx chain meets the DMRS bundling requirement separately.
When UE applying the CDD delay during the repetition, it should not change the CDD delay from one repetition in one slot to another repetition in another time slot.  If it does this, the changed CDD delay will be translated into the time delay of the signal and additional time delay would cause the phase offset in frequency domain. RAN4 has agreed that there is no autonomous TA change during the DMRS bundling time window but there is no mandate on TxD transmission without DMRS bundling. As such, when JCE applies to TxD, it may not reach the same performance as single Tx case if it adjusts the CDD delay in the way it can without DMRS bundling.  However, at least for the cases where the PUSCH/PUCCH repetitions are in back to back slots without any gap, we think the behavior is similar to the single-slot case, and so expect TxD + JCE can work fine.
[bookmark: _Ref101771533]JCE + TxD may not always have the same JCE performance as single Tx considering the UE implementation specific CDD scheme, but should be able to do so at least when repetitions are in back-to-back slots with all symbols occupied by the repetitions.
[bookmark: _Ref101771542]DMRS bundling combined with TxD transmission may work fine use the same phase error tolerance value(s) per connector as for single Tx transmission.
Table 1: Simulation parameter for PUSCH for TxD JCE
	Parameters
	values

	Numerology 
	15kHz, 700MHz, FDD mode

	transmission
	No TxD or TxD CDD with CDD delay every new repetition start between 0 to 10
Fader is reset with first repetition

	MCS
	Fixed MCS = 4

	Bandwidth
	4 PRBs

	#reps
	8 consecutive UL slots

	Random phase offset
	Accumulated 25-degree uniform distributed phase offset on each Tx

	CFO
	0.1ppm



[image: ]
Figure 2 PUSCH BLER performance for no TxD and TxD CDD and for non-JCE  and JCE for medium antenna correlation case
Table 2: Simulation parameter for PUCCH for TxD JCE
	Parameters
	values

	Numerology 
	15kHz, 700MHz, FDD mode

	transmission
	No TxD or TxD CDD with CDD delay every new repetition start between 0 to 10

	Payload
	160bits

	Modulation
	QPSK

	Bandwidth
	4 PRBs

	#reps
	8 consecutive UL slots

	Random phase offset
	Accumulated 25-degree uniform distributed phase offset on each Tx

	CFO
	0.1ppm



[image: ]
Figure 3 PUCCH BLER performance for no TxD and TxD and for non-JCE  and JCE for medium antenna correlation case. 
DMRS bundling combined with UL MIMO 
UL MIMO is only specified with 2 antenna connectors in current 38.101-1. To identify the simulation assumption seems not as difficult as TxD. Key parameters are 2 Tx chain, 2 layer or 1 layer on 2 Tx antenna ports. As the DFT waveform is more useful for the coverage enhancement scenario as it has less MPR, as such, DFT waveform should be selected for simulation. For DFT-OFDM transmission in UL, only 1 layer transmission supports DFT-OFDM and 1 layer should be used in simulation configurations. 
[bookmark: _Toc21344282][bookmark: _Toc29801768][bookmark: _Toc29802192][bookmark: _Toc29802817][bookmark: _Toc36107559][bookmark: _Toc37251325][bookmark: _Toc45888140][bookmark: _Toc45888739][bookmark: _Toc61367384][bookmark: _Toc61372767][bookmark: _Toc68230708][bookmark: _Toc69084121][bookmark: _Toc75467131][bookmark: _Toc76509153][bookmark: _Toc76718143][bookmark: _Toc83580453][bookmark: _Toc84404962][bookmark: _Toc84413571]6.2D.1	UE maximum output power for UL MIMO
For a UE with two transmit antenna connectors in closed-loop spatial multiplexing scheme, the maximum output power for any transmission bandwidth within the channel bandwidth is specified in Table 6.2D.1-1. The requirements shall be met with the UL MIMO configurations specified in Table 6.2D.1-2. For UE supporting UL MIMO, the maximum output power is defined as the sum of the maximum output power from both UE antenna connectors. The period of measurement shall be at least one sub frame (1 ms).
The requirements shall be met with the UL MIMO configurations of using 2-layer UL MIMO transmission with codebook of[image: ]. DCI Format for UE configured in PUSCH transmission mode for uplink single-user MIMO shall be used.
Table 6.2D.1-2: UL MIMO configuration in closed-loop spatial multiplexing scheme
	Transmission scheme
	DCI format 
	Number of layers
	TPMI index

	Codebook based uplink
	DCI format 0_1
	2
	0

	NOTE 1:	The UE is configured with one SRS resource with the parameter nrofSRS-Ports set to 2.



For UE support uplink full power transmission (ULFPTx) for UL MIMO, the maximum output power requirements specified in Table 6.2D.1-1 shall be met with the PUSCH configurations specified in Table 6.2D.1-3, based upon UE’s support of uplink full power transmission mode. 
Table 6.2D.1-3: PUSCH Configuration for uplink full power transmission (ULFPTx)
	ULFPTx Mode
	Transmission scheme
	DCI format 
	Modulation
	Number of layers
	Number of Tx Port
	TPMI index

	Mode-1
	Codebook based uplink
	DCI format 0_1
	DFT-s-OFDM, CP-OFDM NOTE3
	1
	2
	2

	Mode-2
	Codebook based uplink
	DCI format 0_1
	DFT-s-OFDM, CP-OFDM
	1
	2
	0 or 1NOTE2

	Mode-full power
	Codebook based uplink
	DCI format 0_1
	DFT-s-OFDM, CP-OFDM
	1
	2
	0,1

	NOTE 1:	The UE is configured with one SRS resource with the parameter nrofSRS-Ports set to 2.
NOTE 2:	TPMI index selected shall be based upon the full power TPMI reported by the UE [8, TS 38.213].
NOTE 3:	For PUSCH configured with ULFPTxModes set to Mode-1, all the transmitter requirement for CP-OFDM based modulation is not needed to be verified if the requirement for UL MIMO has been validated.



For non-coherent UL MIMO transmission without ULFPTx, the codebook entry of [1 0] or [0 1] will be used for single layer transmission, and so the power is 3 dB lower than the 2 layer case.  Because the precoder must be held fixed over repetitions with DMRS bundling, the behavior is quite similar to the single Tx case, except that the maximum power that the UE transmits is less than the full power it transmits according to its power class.  The precoder selects one antenna port, and phase continuity / power consistency must be maintained over the port for the bundled repetitions.  Consequently, the same phase tolerance requirements as the single Tx case should apply to the non-coherent UL MIMO operation without ULFPTx.  
[bookmark: _Ref101771555]For non-coherent UL MIMO without ULFPTx and for 1 layer DFT-S-OFDM transmission, the UE will have equivalent behavior to single Tx operation, and so the same phase tolerance requirements as the single Tx case can be used. 
[bookmark: _Ref101771569]DMRS bundling combined with non-coherent UL MIMO without ULFPTx and for 1 layer DFT-S-OFDM transmission may work fine and use the same phase error tolerance value(s) per connector as for single Tx tests.
For ULFPTx Mode 1, only the codebook entry of [1 1] (TPMI index 2) of precoding matrix is tested in TS 38.101-1.  While this precoder is also used for coherent UL MIMO, ULFPTx Mode 1 assumes non-coherent transmission capability in the UE. Since the UE may transmit half power on each of its Tx chains, Mode 1 is therefore quite similar to TxD in how it transmits PUSCH.  The differences are mainly that it has a more specified behavior and is under network control  Since we find that tests for DMRS bundling combined with TxD transmission can use the same phase error tolerance value(s) as for single Tx, then ULFPTx mode 1 should also be able to use the same phase tolerance value(s).
[bookmark: _Ref101771582]Although it has a more specified behavior and is network controlled, ULFPTx Mode 1 transmits PUSCH is a similar way to TxD, and so can be treated with DMRS bundling similarly to TxD
[bookmark: _Ref101771593]DMRS bundling combined with Mode 1 ULFPTx may work fine and use the same phase error tolerance value(s) per connector as for single Tx tests.
For coherent UL MIMO transmission, it needs further discussion and simulation. When a JCE phase offset model is added together with coherent UL MIMO transmission, it should be noted that the UL MIMO coherence is only valid during a window 20ms after the SRS. Therefore, this should be the maximum time duration tested in UE, since the UL MIMO performance beyond this timeline is not specified. The concern of course is that how long the precoder would be valid as the repetition extends the precoder validity time till the next SRS transmission. As DMRS bundling assumes that the channel is “constant” over the bunding time slots, it may be reasonable to assume the precoder is still “valid” even beyond the 20ms interval in current coherence UL MIMO requirements. But to align with the current specification, we think it would be reasonable to assume the DMRS bundling only occurs within the 20ms UL coherence time window.  
[bookmark: _Ref101771603]Coherent UL MIMO requirements for phase and power only apply within a 20ms window and coherent UL MIMO performance beyond the 20ms is not specified 
This is illustrated in Figure 4.  The precoder is decided by network @T1 based on the SRS transmitted by UE. The UE will use this precoder in DMRS bundling after the first transmission@T2 and first repetition @T3.  

[image: ]
Figure 4: DMRS bundling combined with coherent UL MIMO in timeline
Figure 5 and Figure 7 show the PUSCH BLER performance with JCE enabled for 1-layer coherent transmission with two antenna ports. In Figure 5, the uniform distributed phase offset is used to the UL reps. Curves in the Figure show that there exists ~0.5 dB gain when comparing the JCE case with 25-degree uniform distributed phase offset relative to no JCE case. It may also be observed that ~0.3 dB is lost as the offset rises from 5 to 25 degrees, which is significant compared to the ~0.8 dB JCE gain without phase offset compared to no JCE.  
In Figure 7, the accumulated phase offset is simulated and it shows there is no JCE gain for 25 degree accumulated phase offset, while  a 5-degree accumulated uniform distributed phase offset can be tolerated . The reason is that the relative phase between the two Tx chains can accumulate and to exceed the 40 degree which is specified for UL coherent transmission. This is illustrated in Figure 8 using the CDF curve, where it can be seen that the 40-degree error is exceeded roughly 32% of the time. 
[bookmark: _Ref101771611]There is still some JCE gain for uniform distributed phase offset for UL MIMO but no JCE gain for accumulated phase offset.
[bookmark: _Ref101771626]Less than 25 degree uniform phase error or 5 degree accumulated phase offset may be needed to achieve sufficient JCE gain.
As DMRS bundling requirement specifies the accumulated phase offset for maximum duration of <= 8ms and uniform distribution for > 8 ms, this means JCE could be applied for maximum duration > 8 ms case. 
[bookmark: _Ref101771639]JCE does not have gain for accumulated phase noise for the case of maximum duration is <=8 ms case
[bookmark: _Ref101771649]JCE has some gain for uniform phase noise model for the case of maximum duration is > 8 ms.

[bookmark: _Ref101771659]Apply the JCE for UL MIMO only when UE reports capability for maximum duration > 8ms, 

Table 3: simulation assumption for UL MIMO with JCE
	Parameters
	values

	Numerology 
	15kHz, 700MHz, FDD mode

	transmission
	2Tx, 2Rx, 1-layer- transmission

	MCS
	Fixed MCS 4

	Bandwidth
	4 PRBs

	#reps
	8 consecutive UL slots

	precoder
	Fixed PMI=2; adaptive PMI every 8 slots

	Random phase offset
	25-degree uniform distributed phase offset on each Tx or accumulated 25-degree uniform distributed phase offset on each Tx



[image: ]
Figure 5: PUSCH BLER performance with/without JCE for uniform phase offset distribution
[image: ]
Figure 6: CDF distribution for the relative phase offset between two Tx chain (for uniform distribution phase offset )
[image: ] 
Figure 7: PUSCH BLER performance with/without JCE for accumulated phase offset distribution

[image: ] 
Figure 8: CDF distribution for the relative phase offset between two Tx chain (for accumulated phase offset)
Composite Tx signal impact in FR2
Another issue is whether there is any impact on phase tolerance by the Tx beam transmitted from antenna array.
New Issue 2: 
FFS on the impact of the composite Tx signal transmitted from antenna array on phase tolerance requirement
A general case is one transmit beam from one antenna panel. Similar to the UE virtualizing the two Tx chain for Transparent TxD, UE can virtualize the beamforming transmission with beamforming precoder on multiple Tx chains. While in FR1 the measurement can only be done per connector, in FR2 the measurement can only be done OTA, so what would be measured is the virtual single Tx chain phase response. The beam directivity is decided by the relative phase and amplitude (weighting factors) between the antenna elements, so if the beam directivity is not stable during the DMRS bundling, this will result in the directivity loss and translate to the SNR loss. In the context of the DMRS bundling, RAN4 agrees that no beam switching happens during bundled time slots and this means that beam directivity would be stable during a short period of time. 
[bookmark: _Ref101771675]No beam switching during the test means the UE transmitted beam directivity should be stable within the measurement time.
DMRS requirements extension to FR2-2
During the RAN1 discussion, there is no RAN1 agreement on the extension of the feature 30-4 (DMRS bundling) to FR2-2. In this section, we investigate the phase tolerance on the system performance by extending the link simulations to 60GHz. 
Table 3 lists the simulation assumption for 60Ghz and 28GHz for comparison. Figures 9 and 10 show the PUSCH BLER performance comparing the 28GHz and 60GHz with different TDD patterns. It could be observed that there is ~0.8dB JCE gain over the non-JCE in 60GHz, which is bigger than ~0.5dB JCE gain in 28GHz, because there could be 4 consecutive repetitions for 60GHz while 2 consecutive repetitions for 28 GHz, according to the TDD pattern configured for different size of SCS. We think from the simulation result, the DMRS bundling requirement could apply to FR2-2.
[bookmark: _Ref101771689]Extend GF 30-4 to FR 2-2 is fine. 
Table 3: simulation assumption for 28GHz and 60GHz
	
	28GHz (No-JCE: baseline)
	28GHz (JCE)
	60GHz (JCE)

	SCS
	120kHz, normal
	120kHz, normal
	480kHz, normal

	TDD configuration
	D4U1
	D3U2
	D16U4

	#Slot aggregation
	20
	10
	20

	#reps
	4 non-back-to-back UL slots (i.e. cannot have JCE gain)

	2 * 2 consecutive UL slots
[1,2] [3,4]
	4 consecutive UL slots

	Random phase offset
	NAN
	Accumulated 25-degree uniform distributed phase offset
	Accumulated 25-degree uniform distributed phase offset


[image: ]
Figure 9: PUSCH BLER performance with/without JCE for 28GHz D4U1 and 60GHz 
[image: ]
Figure 10: PUSCH BLER performance with/without JCE for 28GHz D3U2 and 60GHz 
Conclusions
With the above discussion, we propose the below for JCE + TxD and JCE + UL MIMO: 
RAN4 tests phase error tolerance per connector and does not develop tests that guarantee UL MIMO or TxD performance.
we also present our view on the remaining RF requirement aspect of phase continuity with below additional observations and proposals:
Observation 1 JCE has similar gain for TxD transmission and non-TxD (single Tx) transmission
Observation 2 The DMRS bundling phase requirement could apply to TxD transmission if each Tx chain meets the DMRS bundling requirement separately.
Observation 3 JCE + TxD may not always have the same JCE performance as single Tx considering the UE implementation specific CDD scheme, but should be able to do so at least when repetitions are in back-to-back slots with all symbols occupied by the repetitions.
Proposal-1:DMRS bundling combined with TxD transmission may work fine use the same phase error tolerance value(s) per connector as for single Tx transmission. .
Observation 4 For non-coherent UL MIMO without ULFPTx and for 1 layer DFT-S-OFDM transmission, the UE will have equivalent behavior to single Tx operation, and so the same phase tolerance requirements as the single Tx case can be used.
Proposal-2: DMRS bundling combined with non-coherent UL MIMO without ULFPTx and for 1 layer DFT-S-OFDM transmission may work fine and use the same phase error tolerance value(s) per connector as for single Tx tests.
Observation 5 Although it has a more specified behavior and is network controlled, ULFPTx Mode 1 transmits PUSCH is a similar way to TxD, and so can be treated with DMRS bundling similarly to TxD
Proposal-3: DMRS bundling combined with Mode 1 ULFPTx may work fine and use the same phase error tolerance value(s) per connector as for single Tx tests.
Observation 6 Coherent UL MIMO requirements for phase and power only apply within a 20ms window and coherent UL MIMO performance beyond the 20ms is not specified
Observation 7 There is still some JCE gain for uniform distributed phase offset for UL MIMO but no JCE gain for accumulated phase offset.
Observation 8 Less than 25 degree uniform phase error or 5 degree accumulated phase offset may be needed to achieve sufficient JCE gain.
Observation 9 JCE does not have gain for accumulated phase noise for the case of maximum duration is <=8 ms case
Observation 10 JCE has some gain for uniform phase noise model for the case of maximum duration is > 8 ms.
Proposal-4: Apply the JCE for UL MIMO only when UE reports capability for maximum duration > 8ms, 
Observation 11 No beam switching during the test means the UE transmitted beam directivity should be stable within the measurement time.
Proposal-5:Extend GF 30-4 to FR 2-2 is fine. 
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