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1. [bookmark: OLE_LINK14][bookmark: OLE_LINK13]Introduction
In RAN#81, a revised WID [1] for NR MIMO was agreed and one of the objectives is as follows:
· Perform study and make conclusion in the first RAN1 meeting after start of the WI, and if needed, specify CSI-RS and DMRS (both downlink and uplink) enhancement for PAPR reduction for one or multiple layers (no change on RE mapping specified in Rel-15)

One of the objectives of above is to study and specify DMRS PAPR reduction, and RAN1 has studied and agreed to specify mechanism to reduce DMRS PAPR to same level as data symbol. However, power imbalance between multiple PAs caused by certain TPMI precoders and in the case of double symbol DMRS in UL is somehow overlooked, and there are companies claiming this is out of scope of the WID. In our understanding power imbalance between PAs in two DMRS symbols is tantamount to the PAPR problem between two DMRS symbols which should be addressed however change in DMRS RE (or sequence) mapping is out of scope. In section 2, we briefly discuss the power imbalance issue at UE.
1. Power imbalance at UE
When a UE is scheduled with certain DMRS port indices and TPMI indices in the DCI, due to inherent properties of DMRS sequences, zero power DMRS modulation symbols shall be generated for particular DMRS antenna ports combination and precoders for double symbol DMRS, which will cause DMRS antenna ports power imbalance issue at the UE. For example, a UE is configured with DMRS configuration type 1 and 2 symbols DMRS, when scheduled with antenna ports combination (0, 4) and the TPMI precoder  , signals on two antennas at the UE as shown in figure 1 where power on antenna 1 is zero on first DMRS symbol and zero on antenna 0 on second DMRS symbol. 
[image: ]
Figure1. DMRS resource mapping after precoding
From the perspective of UE implementation, power imbalance issue is more severe in uplink. Power imbalance between adjacent DMRS symbols may cause power ramping and phase discontinuity problem. As depicted in figure 2, for above mentioned example, 3/6dB power ON and 6/3dB power OFF transient period cannot be neglected for PA0 and PA1 respectively, which severely degrades DMRS demodulation performance.


Figure2. Power ramping and phase continuity problem caused by power imbalance
Additionally, power imbalance shall lead to power boosting problem as well. If the number of CDM groups without data is 2, 3dB DMRS power boosting is possible however the maximum transmission power is limited by PA rating. That means when data symbol transmission reach the maximum power of PA, 3dB DMRS power boosting is not possible for DMRS due to power imbalance between PAs.


Figure3. Power boosting problem caused by power imbalance

One solution to address this issue is through modifying some of the TPMI precoders, the TPMI precoders and DMRS antenna ports combination causing power imbalance at the UE are highlighted in the appendix below. 
1. Conclusion
In this contribution, power imbalance between two DMRS symbols is discussed. The power imbalance at the UE is severely impacting UL performance especially for a subset of UL precoding matrix, without a clear solution it is hard to imagine the UEs will implement UL MIMO in real product. RAN1 should look into the power imbalance issue at the UE and potentially specify a solution without expanding the WID scope. 
[bookmark: _GoBack]Proposal: RAN1 should carefully consider the power imbalance issue at UE and potentially specify a solution without expanding the WID scope (no change on RE mapping specified in Rel-15).
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Appendix
DMRS ports and CDM groups definition for DMRS configuration type 1 and 2


      

Power imbalance issue related DMRS ports and precoder combination
Table 7.3.1.1.2-13: Antenna port(s), transform precoder is disabled, dmrs-Type=1, maxLength=2, rank = 2
	Value
	Number of DMRS CDM group(s) without data
	DMRS port(s)
	Number of front-load symbols

	8
	2
	0,4
	2

	9
	2
	2,6
	2




Table 6.3.1.5-4: Precoding matrix  for two-layer transmission using two antenna ports with transform precoding disabled.
	TPMI index
	

(ordered from left to right in increasing order of TPMI index)

	0 – 2
	

	

	

	




Table 6.3.1.5-5: Precoding matrix  for two-layer transmission using four antenna ports with transform precoding disabled.
	TPMI index
	

(ordered from left to right in increasing order of TPMI index)

	0 – 3
	

	

	

	


	4 – 7
	

	

	

	


	8 – 11
	

	

	

	


	12 – 15
	

	

	

	


	16 – 19
	

	

	

	


	20 – 21
	

	

	-
	-



Table 7.3.1.1.2-14: Antenna port(s), transform precoder is disabled, dmrs-Type=1, maxLength=2, rank = 3
	Value
	Number of DMRS CDM group(s) without data
	DMRS port(s)
	Number of front-load symbols

	1
	2
	0,1,4
	2

	2
	2
	2,3,6
	2



Table 7.3.1.1.2-22: Antenna port(s), transform precoder is disabled, dmrs-Type=2, maxLength=2, rank=3
	Value
	Number of DMRS CDM group(s) without data
	DMRS port(s)
	Number of front-load symbols

	3
	3
	0,1,6
	2

	4
	3
	2,3,8
	2

	5
	3
	4,5,10
	2




Table 6.3.1.5.4-6: Precoding matrix  for three-layer transmission using four antenna ports with transform precoding disabled.
	TPMI index
	

(ordered from left to right in increasing order of TPMI index)

	0 – 3
	

	

	

	


	4 – 6
	

	

	

	-



Table 7.3.1.1.2-15: Antenna port(s), transform precoder is disabled, dmrs-Type=1, maxLength=2, rank = 4
	Value
	Number of DMRS CDM group(s) without data
	DMRS port(s)
	Number of front-load symbols

	1
	2
	0,1,4,5
	2

	2
	2
	2,3,6,7
	2

	3
	2
	0,2,4,6
	2



Table 7.3.1.1.2-23: Antenna port(s), transform precoder is disabled, dmrs-Type=2, maxLength=2, rank=4
	Value
	Number of DMRS CDM group(s) without data
	DMRS port(s)
	Number of front-load symbols

	2
	3
	0,1,6,7
	2

	3
	3
	2,3,8,9
	2

	4
	3
	4,5,10,11
	2




Table 6.3.1.5-7: Precoding matrix  for four-layer transmission using four antenna ports with transform precoding disabled.
	TPMI index
	

(ordered from left to right in increasing order of TPMI index)

	0 – 3
	

	

	

	


	4
	

	-
	-
	-
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