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Introduction
In RAN1#86, the following agreements were reached on UL DMRS [1]:
Agreement:
· Support orthogonal DMRS (more than 2) for MU-MIMO with partial overlapping BW allocation by
· IFDMA with at least RPF 2 
· FFS: RPF 4 
· FFS during this week which new IFDMA sequence lengths (if any) shall be supported and designed
· If any new lengths larger than 36 are supported, the corresponding DMRS sequences are generated by the legacy mechanism by extension of a Zadoff-Chu sequence
· FFS:  whether and how CS of DMRS generation shall be modified to improve backward compatibility for the pairing with legacy UE. 
· Additional power boosting shall be supported and applied to IFDMA DMRS depending on the value of RPF
· FFS:  x dB for RPF 2 and y dB for RPF 4
 
In this contribution, we discuss the issues of supported RPF factors, control signaling and power boosting for  UL DMRS. 
Discussion
Supported repetition factors

The latest agreement is to support RPF 2, and the support of RPF4 is FFS. Although it may seem straightforward to extend RPF support to 4, several aspects must be taken into consideration. First, there is currently no demonstrated performance benefit for using RPF-4. For partially overlapping BW allocation, it is currently possible to schedule up to 2 orthogonal layers using OCC-2. With the agreement on RPF2, it is now possible to schedule up to 4 orthogonal layers using OCC-2 and the two comb values.  Extending this further to 8 orthogonal transmission using RPF4 is a larger leap with undemonstrated gains. Moreover, channel estimation accuracy will be degraded when the spacing between adjacent DMRS subcarriers increases.  Thus, before RPF 4 can be considered, the channel estimation performance of RPF needs to be proved taking into account small bandwidth allocations such as 1 PRB (which in the case of RPF will only have 3 DMRS subcarriers).
 
Proposal 1:  Support orthogonal DMRS for MU-MIMO with partial overlapping BW allocation by IFDMA with RPF 2 only. 
Control Signaling

Downlink DCI format 0 and 4 are used for sending Uplink related controls. DCI format 0 is used for the scheduling of PUSCH in one UL cell (PUSCH mode 1), while DCI format 4 is used for the scheduling of PUSCH in one UL cell with multi-antenna port transmission mode (PUSCH mode 2).  DCI0 is bound to format 1A in that they must have the same payload size to enable proper and efficient decoding at the UE. Therefore, it is preferable to preserve the bit count of DCI0 as it currently is.  To enable this it is proposed to use a 3-bit cyclic shift field and to extend the meaning of the 3-bit cyclic field detailed in table 5.5.2.1.1-1 in [2] to include the use of IFDMA with  RPF2.

Proposal 2: For control signaling for UL DMRS with RPF 2 support, maintain a 3-bit cyclic shift field in UL-related DCI formats. 

Furthermore, to maximize the MU-MIMO pairing flexibility, it is important to be able to dynamically pair UEs between the following different combinations:
· A Rel-14 UE with IFDMA and RPF=2 is paired with other Rel-14 UEs with IFDMA and RPF=2.
· A Rel-14 UE with no IFDMA is paired with other legacy UEs.
[bookmark: _GoBack]In order to guarantee the best possible cyclic shift separation in scenarios with high Doppler spread and low delay spread, the cyclic shifts with the largest minimum separation for the first layer are chosen.  It should be noted that in these scenarios, it is mostly likely UEs will be scheduled with a single layer and the orthogonality of OCC-2 is not strictly guaranteed.  From the legacy cyclic shift field mapping in table 5.5.2.1.1-1 in [2], the cyclic shifts possible for the 1st layer (i.e., [image: ]) are {0, 2, 3, 4, 6, 8, 9, 10}.  For IFDMA with RPF-2, the minimum number of orthogonal layers is 4 (2 orthogonal layers from OCC-2 and 2 orthogonal layers from IFDMA RPF-2).  Hence, it is natural to allocate 4 code points from a 3-bit table for IFDMA and the remaining 4 code points for no IFDMA.  This means that from the set {0, 2, 3, 4, 6, 8, 9, 10}, four cyclic shifts with the largest minimum cyclic shift difference need to be chosen.  The subset {0, 3, 6, 9} provides the best possible minimum cyclic shift distance of 3 for the 1st layer.  This corresponds to code points 000, 001, 010, and 111 in Table 1, and thus these code points are reserved for no IFDMA.
From the remaining 4 code points (i.e., 011, 100, 101, 110), two code points each need to be reserved for IFDMA RPF-2 in odd and even subcarriers.  The two code points within odd subcarriers need to be separated by OCC-2 (a similar separation is needed for even subcarriers).  Among the remaining code points, the code point pair (011, 101) can be separated by OCC-2.  This pair can be reserved for IFDMA RPF-2 in odd subcarriers.  The remaining code point pair (100, 110) which can also be separated by OCC-2 can be reserved for IFDMA RPF-2 in even subcarriers.  The resulting cyclic shift field mapping table is shown in Table 1.
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	Cyclic Shift Field in 
uplink-related DCI format
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	IFDMA Configuration

	000
	0
	6
	3
	9
	

	

	

	

	No IFDMA

	001
	6
	0
	9
	3
	

	

	

	

	No IFDMA

	010
	3
	9
	6
	0
	

	

	

	

	No IFDMA

	011
	4
	10
	7
	1
	

	

	

	

	Odd subcarriers

	100
	2
	8
	5
	11
	

	

	

	

	Even subcarriers

	101
	8
	2
	11
	5
	

	

	

	

	Odd subcarriers

	110
	10
	4
	1
	7
	

	

	

	

	Even subcarriers

	111
	9
	3
	0
	6
	

	

	

	

	No IFDMA




Proposal 3: To maximize MIMO layer separation and MU-MIMO pairing opportunities, support a cyclic shift mapping table with 4 codepoints for UL DMRS with no IFDMA and 4 codepoints for UL DMRS with IFDMA. 

Power boosting
Given that combing effectively divide the usage of resource by the RPF, clearly for a given UE more power is available per subcarrier. This power should be used to boost the transmitted DMRS subcarriers to make up for the loss of channel estimation accuracy due to the downsizing of DMRS by a factor of . The boost shall then be of exactly  dB, e.g. 3dB for RPF=2. 

Proposal 4: For RPF-2, adjust power for IFDMA transmission with an additional power of 3 dB.
Conclusion
In this contribution, the issues of supported RPF factors, control signaling and power boosting for UL DMRS have been discussed. The following proposals were made: 

Proposal 1:  Support orthogonal DMRS for MU-MIMO with partial overlapping BW allocation by IFDMA with RPF 2 only. 
Proposal 2: For control signaling for UL DMRS with RPF 2 support, maintain a 3-bit cyclic shift field in UL-related DCI formats. 
Proposal 3: To maximize MIMO layer separation and MU-MIMO pairing opportunities, support a cyclic shift mapping table with 4 codepoints for UL DMRS with no IFDMA and 4 codepoints for UL DMRS with IFDMA. 
Proposal 4: For RPF-2, adjust power for IFDMA transmission with an additional power of 3 dB.
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