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1. Introduction
In RAN1 #86 meeting, an agreement on the uplink Demodulation Reference signal (DMRS) has been reached as following [1]:
· 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:  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, the remaining details of IFDMA based DMRS are studied, including the control signalling and some possible enhancements.
2. Discussion 
To estimate the channel for the co-scheduled UEs more accurately, it is better to keep the Demodulation Reference Signal (DMRS) of different UEs to be orthogonal, e.g. by assigning different Cyclic Shifts (CS), and/or Orthogonal Cover Codes (OCC). However the orthogonality generated by CS requires the co-scheduled UEs to be assigned with the same bandwidth, which may require scheduling restrictions. In more practical situation of not aligned resource allocation of the UE, the time domain OCC can be used, however the number of orthogonal DMRS ports in this case is limited to two. According to the RAN1#86 agreement, IFDMA with at least repetition factor (RPF) 2 is supported as UL DMRS enhancement, where different comb offsets can be allocated to different UEs so that more orthogonal DMRS sequences can be assigned to the UEs with partial overlapping bandwidth allocation. However, support of IFDMA may result in decreased channel estimation accuracy in the frequency selective fading channel. Another issue of supporting IFDMA is the design of the control signalling.
2.1 Control signalling for IFDMA RPF=2
For DMRS with IFDMA structure, the subcarriers to carry DMRS is allocated in an interleaved manner within the assigned bandwidth, with starting comb index as , where . In order to support IFDMA DMRS the parameter of IFDMA assignment should be provided to the UE. In one option, the related IFDMA parameters can be indicated with cyclic shift by using joint coding. In this case of DCI format 0/4, the existing 3 bits [2] can be reused, to support 8 configuration of cyclic shifts, OCC and IFDMA with dynamical support of the legacy configuration as shown in Table 1. In another option, the DMRS type and comb offset can be configured by an independent control element in DCI. For example, 2-bit control element can be used to dynamically indicate whether Rel-10 DMRS structure or IFDMA comb=0 or IFDMA comb=1 should be used.

Table 1: an example for Cyclic Shift Field in uplink DCI for RPF=2
	Cyclic Shift Field in 
uplink-related DCI format [3]
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	IFDMA configuration

	000
	0
	6
	3
	9
	

	

	

	

	

	001
	6
	0
	9
	3
	

	

	

	

	

	010
	3
	9
	6
	0
	

	

	

	

	

	011
	4
	10
	7
	1
	

	

	

	

	

	100
	2
	8
	5
	11
	

	

	

	

	

	101
	8
	2
	11
	5
	

	

	

	

	

	110
	10
	4
	1
	7
	

	

	

	

	

	111
	9
	3
	0
	6
	

	

	

	

	



Proposal 1: The DMRS type (Rel-10 DMRS or IFDMA based DMRS) as well as the comb offset can be configured by joint coding in cyclic shift filed or by an independent indicator in DCI.
2.2 Discussion on IFDMA RPF=4
For RPF =4, more UEs with non-overlapping resource allocations can be co-scheduled at the same time, e. g. 8 UEs (if OCC-2 is used). Also, RPF = 4 can co-exist with the RPF = 2 to flexibly support UE number ranging from 4 to 8. When adopting RPF=4, the channel estimation accuracy may decrease due to the reduced DMRS REs density. The performance degradation may not be large if the bandwidth is large and the delay spread of the channel is small. The example of RFP 4 parameters signalling is illustrated in the Table 2, which contains 4 legacy DMRS configuration, IFDMA RPF=2, and IFDMA RPF=4. In another option, the DMRS type can be configured by an independent control element in DCI. For example, a 2-bit indicator can be used to indicate whether the Rel-10 DMRS, IFDMA RPF=2 based DMRS or IFDMA RPF=4 based DMRS should be utilized.
Table 2: an example for Cyclic Shift Field in extending uplink DCI for RPF=4
	Cyclic Shift Field in 
uplink-related DCI format [3]
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	IFDMA configuration

	0001
	0
	6
	3
	9
	

	

	

	

	no IFDMA

	0101
	6
	0
	9
	3
	

	

	

	

	no IFDMA

	0110
	3
	9
	6
	0
	

	

	

	

	no IFDMA

	0111
	4
	10
	7
	1
	

	

	

	

	no IFDMA

	0000
	2
	8
	5
	11
	

	

	

	

	, RPF=2

	0100
	8
	2
	11
	5
	

	

	

	

	, RPF=2

	0010
	10
	4
	1
	7
	

	

	

	

	, RPF=2

	0011
	9
	3
	0
	6
	

	

	

	

	, RPF=2

	1000
	0
	6
	3
	9
	

	

	

	

	, RPF=4

	1001
	6
	0
	9
	3
	

	

	

	

	, RPF=4

	1010
	3
	9
	6
	0
	

	

	

	

	, RPF=4

	1011
	4
	10
	7
	1
	

	

	

	

	, RPF=4

	1100
	2
	8
	5
	11
	

	

	

	

	, RPF=4

	1101
	8
	2
	11
	5
	

	

	

	

	, RPF=4

	1110
	10
	4
	1
	7
	

	

	

	

	, RPF=4

	1111
	9
	3
	0
	6
	

	

	

	

	, RPF=4



Proposal 2: If IFDMA RPF = 4 is adopted, the DMRS type (Rel-10 DMRS, IFDMA RPF=2 and IFDMA RPF=4) can be configured by jointly coding in cyclic shift field in or by independent indicator in DCI.
2.3 Power boosting for DMRS
[bookmark: _GoBack]For IFDMA structure some of the REs are not used for DM-RS transmission. The unused power of these unused REs can be allocated to the subcarriers with DMRS symbols to improve the performance for noise limited UEs and to provide the same interference level between DMRS and PUSCH symbols. The power boosting factor for IFDMA with RPF=x can be equal to  dB. Hence for IFDMA RPF=2, 3dB power boosting can be used. However as discussed in [4], if the network is asynchronized, the DMRS symbol in the neighbour UEs may have interference to the PUSCH symbol in the victim UE. The interference observed in different PUSCH REs within one symbol can be different if the IFDMA based DMRS is used in the neighbour cell UEs. For the IFDMA RPF=2, 3dB power boosting should have small impact, but for IFDMA RPF=4, to boost the power by 6dB may have some impact on the IRC receiving in asynchronized network.
Proposal 3: For IFDMA RPF=2, 3dB power boosting should be used to get better channel estimation performance and avoid interference misalignment between PUSCH and DMRS; if IFDMA RPF=4, to determine the power boosting factor, the impact on IRC receiver caused by interference misalignment for asynchronized network should be taken into account.
2.4 Additional Enhancement for IFDMA
For IFDMA structure, the DMRS is transmitted on the subset of subcarriers, e.g. the subcarriers with even or odd indexes. Then channel frequency response of partial bandwidth can be derived, which may decrease the channel estimation (CE) accuracy under the frequency selective fading channel. In order to improve the CE accuracy, frequency hopping for comb can be applied by assigning different comb offsets for different DMRS symbols in the adjacent slots. Denote the starting comb index of the first DMRS symbol as , which ,  then the subcarrier index of the second DMRS symbol is equal to , where can be determined by the RPF, e.g. .


[bookmark: _Ref462146300]Figure 1: structure for IFDMA with hopping in RPF=2 case
By introducing the comb hopping (CH), the channel estimation accuracy can be improved, as illustrated in the Figure 2 , where shows the link level results from the different cases for RPF=2/RPF=4 with /without comb hopping under EVA/ETU channel. The channel estimation is based on wiener filter with ideal delay spread and frequency offset. It can be observed that up to 1 dB performance gain can be achieved from the comb hopping. Under the frequency selective fading channel, the CFR of more subcarriers are obtained, then the accuracy of channel estimation can be improved by frequency domain interpolation. In addition, some performance gain may be obtained due to interference randomization resulting from the comb hopping proposed above.
[image: ]
Figure 2  comparison between RPF=2/RPF=2 with/without combing hopping  
The comb hopping may have some impact on possible use of the time domain OCC. However as a result of its benefit for channel estimation and interference randomization, some UEs with low MU-MIMO dimensions can use this approach to enhance its performance. Further the time domain OCC may not be always applicable for some UEs if the moving speed is relatively high. Hence some control signalling to enable or disable the comb hopping is desirable. For example, it can be jointly coded with CS and OCC using the cyclic shift field of  DCI. Table 4 illustrates the example for the comb hopping control signalling for IFDMA RPF=2 case. 
[bookmark: _Ref462327592]Table 4: an example for Cyclic Shift Field in uplink DCI for IFDMA RPF=2
	Cyclic Shift Field in 
uplink-related DCI format [3]
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	IFDMA configuration

	000
	0
	6
	3
	9
	

	

	

	

	, 
No CH, IFDMA RPF=2

	001
	6
	0
	9
	3
	

	

	

	

	, 
No CH, IFDMA RPF=2

	010
	3
	9
	6
	0
	

	

	

	

	, 
No CH, IFDMA RPF=2

	011
	4
	10
	7
	1
	

	

	

	

	, 
No CH, IFDMA RPF=2

	100
	2
	8
	5
	11
	

	

	

	

	, 
CH, IFDMA RPF=2

	101
	8
	2
	11
	5
	

	

	

	

	No IFDMA

	110
	10
	4
	1
	7
	

	

	

	

	No IFDMA

	111
	9
	3
	0
	6
	

	

	

	

	, 
CH, IFDMA RPF=2



Observation 1: up to 1dB performance gain can be observed from the comb hopping based DMRS compared to that without comb hopping.
Proposal 4: To improve the accuracy of channel estimation, the comb hopping between DMRS in two slots can be considered and its control signalling can be studied.
3. Conclusions
In this contribution we present our views on IFDMA DMRS enhancement. From the discussion, we have proposed the following observations and proposals.
Observation 1: up to 1dB performance gain can be observed from the comb hopping based DMRS compared to that without comb hopping.
Proposal 1: The DMRS type (Rel-10 DMRS or IFDMA based DMRS) as well as the comb offset can be configured by joint coding in cyclic shift filed or by an independent indicator in DCI.
Proposal 2: If IFDMA RPF = 4 is adopted, the DMRS type (Rel-10 DMRS, IFDMA RPF=2 and IFDMA RPF=4) can be configured by jointly coding in cyclic shift field in or by independent indicator in DCI.
Proposal 3: For IFDMA RPF=2, 3dB power boosting should be used to get better channel estimation performance and avoid interference misalignment between PUSCH and DMRS; if IFDMA RPF=4, to determine the power boosting factor, the impact on IRC receiver caused by interference misalignment for asynchronized network should be taken into account.
Proposal 4: To improve the accuracy of channel estimation, the comb hopping between DMRS in two slots can be considered and its control signalling can be studied.
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