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[bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
In last 3GPP RAN1 meeting, DMRS overhead reduction has been discussed extensively, and the following agreement has been achieved:
Agreement:
· Define a new DMRS table or introduce new entries in existing DMRS table
· DCI payload size is the same as legacy
· [bookmark: OLE_LINK96][bookmark: OLE_LINK97]Additional DMRS overhead reduction scheme for rank 3/4 transmission is FFS 

In this contribution, we further discuss the potential enhancement schemes on DMRS table, and then provide our views. 
[bookmark: _Ref129681832]Discussion
[bookmark: OLE_LINK92][bookmark: OLE_LINK93]DMRS table design
As we discussed in last meeting, the DMRS overhead can be reduced using OCC4 when UE is in relative low speed and/or high SNR. There are two alternatives to indicate these 3/4-layers DMRS ports, i.e. 
· [bookmark: OLE_LINK6][bookmark: OLE_LINK7]Alt1: define a new DMRS table
· [bookmark: OLE_LINK22][bookmark: OLE_LINK23][bookmark: OLE_LINK24]Alt2: introduce some new entries in the existing DMRS table 
For Alt1, most of the entries in the new DMRS table can be taken from the existing DMRS table, except those indicating 3/4-layers DMRS ports. The entries in the new DMRS table could be like ‘3 layer, port 7, 8, 11, (OCC4)’ or ‘4 layer, port 7, 8, 11, 13, (OCC4)’. Thus when rank 3/4 is enabled for a UE, the DMRS overhead can be reduced to 12 REs/RB if the existing DMRS ports mapping is retained. For Alt2, the new entries indicating 3/4-layers ports with length-4 OCC could be inserted in the existing DMRS table, possibly in the reserved entries. The main difference between two alternatives is whether OCC2 and OCC4 (corresponding to different overhead) can be adaptively switched for downlink rank 3/4 transmissions. 
[bookmark: OLE_LINK101][bookmark: OLE_LINK102]For Alt1, using a new DMRS table need be configured by RRC signalling, which introduces considerable latency, typically tens of milliseconds. One may argue that reduced DMRS is only suitable for fixed or low speed UEs. This however does not mean that the channel (and the surrounding environment) is always static. Once eNB detects channel variations (e.g., fast moving objects in the environment), eNB would re-configure legacy DMRS table via RRC signalling. Before the signalling could take effect, the eNB has to use DCI with OCC2 DMRS ports, which is typically associated with low rank PDSCH transmissions. Note that at this moment the SNR maybe still high enough to support high rank transmission, which is an under-utilization of the spectrum resource, especially for small packet traffic. 
[bookmark: OLE_LINK109][bookmark: OLE_LINK110]On the other hand, the SNR is another factor to impact the use of OCC2 or OCC4. When SNR is relatively high, the channel can be estimated accurately. DMRS overhead reduction is beneficial most in this case. When SNR is a little bit low, DMRS with OCC2 may have better performance. Note the SNR variation is fast fading related and may change fast. Of course it benefits more if eNB has ability to dynamic change OCC2 and OCC4 ports according to instantaneous channel quality.
Based on discussion above, dynamic switching between OCC2 ports and OCC4 ports is necessary. Hence, Alt2 - introducing some new entries in existing DMRS tables, is preferred. In existing DMRS table, there are four reserved entries when two Codewords are enabled, while only one reserved entry for the case of enabling one Codeword. It seems the available entries for one Codeword are insufficient because at least two entries, ‘3 layers, ports 7,8,11 (OCC4)’ and ‘4 layers, ports 7,8,11,13 (OCC4)’ are to be captured. 
In DCI format 2C/2D, indicating one transport block is via the following three fields
[bookmark: OLE_LINK50][bookmark: OLE_LINK51][bookmark: OLE_LINK52]- Modulation and coding scheme 
[bookmark: OLE_LINK53][bookmark: OLE_LINK54]- New data indicator 
- Redundancy version

[bookmark: OLE_LINK48][bookmark: OLE_LINK49][bookmark: OLE_LINK43][bookmark: OLE_LINK44][bookmark: OLE_LINK55]The fields of ‘Modulation and coding scheme’ and ‘Redundancy version’ jointly indicate enabling/disabling one Codeword. For instance, a transport block is disabled if  and if rvidx = 1 otherwise the transport block is enabled. Here we can use the ‘Modulation and Coding Scheme’, ‘Redundancy Version’ and ‘New Data Indicator’ to jointly indicate the DMRS ports, e.g. for value=12 in DMRS table  
· 
[bookmark: OLE_LINK111][bookmark: OLE_LINK112][bookmark: OLE_LINK113][bookmark: OLE_LINK56][bookmark: OLE_LINK57][bookmark: OLE_LINK58], rvidx = 1, and NDI = 0:  3-layers DMRS ports with OCC2 for enabled Codeword
· 
, rvidx = 1, and NDI = 1:  3-layers DMRS ports with OCC4 for enabled Codeword
By this way, dynamic switching of OCC2 and OCC4 for the 3/4-layers DMRS ports can be supported, without DCI payload size increase. The modified DMRS table is given in Table 1 as 
[bookmark: OLE_LINK29][bookmark: OLE_LINK30]Table1: Antenna port(s), scrambling identity and number of layers indication
	One Codeword:
Codeword 0 enabled,
Codeword 1 disabled
	Two Codewords:
Codeword 0 enabled,
Codeword 1 enabled

	Value
	Message
	Value
	Message

	0
	 1 layer, port 7, nSCID=0 (OCC=2)
	0
	[bookmark: OLE_LINK69]2 layer, port 7-8, nSCID=0 (OCC=2)

	1
	1 layer, port 7, nSCID=1 (OCC=2)
	1
	2 layer, port 7-8, nSCID=1 (OCC=2)

	2
	1 layer, port 8, nSCID=0 (OCC=2)
	2
	2 layer, port 7-8, nSCID=0 (OCC=4)

	3
	1 layer, port 8, nSCID=1 (OCC=2)
	3
	2 layer, port 7-8, nSCID=1 (OCC=4)

	4
	 1 layer, port 7, nSCID=0 (OCC=4)
	4
	[bookmark: OLE_LINK13][bookmark: OLE_LINK14][bookmark: OLE_LINK62][bookmark: OLE_LINK63] 2 layer, port 11,13, nSCID=0 (OCC=4)

	5
	1 layer, port 7, nSCID=1 (OCC=4)
	5
	2 layer, port 11,13, nSCID=1 (OCC=4)

	6
	1 layer, port 8, nSCID=0 (OCC=4)
	6
	3 layer, port 7-9

	7
	1 layer, port 8, nSCID=1 (OCC=4)
	7
	4 layer, port 7-10

	8
	1 layer, port 11, nSCID=0 (OCC=4)
	8
	5 layer, port 7-11

	9
	1 layer, port 11, nSCID=1 (OCC=4)
	9
	6 layer, port 7-12

	10
	1 layer, port 13, nSCID=0 (OCC=4)
	10
	7 layers, ports 7-13

	11
	1 layer, port 13, nSCID=1 (OCC=4)
	11
	8 layers, ports 7-14

	[bookmark: _Hlk480634952]12
	[bookmark: OLE_LINK68]2 layers, ports 7-8
	12
	Reserved
[bookmark: OLE_LINK59][bookmark: OLE_LINK60][bookmark: OLE_LINK61]3 layers, ports 7,8,11 (OCC=4)

	13
	[bookmark: OLE_LINK1][bookmark: OLE_LINK2][bookmark: OLE_LINK3][bookmark: OLE_LINK70][bookmark: OLE_LINK71]3 layers, ports 7-9 (OCC2),
when NDI=0 for disabled Codeword;
Otherwise,
[bookmark: OLE_LINK4][bookmark: OLE_LINK5] 3 layers, ports 7,8,11 (OCC=4)
	13
	Reserved
4 layers, ports7,8,11,13(OCC=4)

	14
	4 layers, ports 7-10 (OCC2),
when NDI=0 for disabled Codeword;
otherwise,
4 layers, ports7,8,11,13(OCC=4)
	14
	Reserved

	15
	Reserved
	15
	Reserved



[bookmark: OLE_LINK121][bookmark: OLE_LINK122]Propose 1: Introduce new entries in the existing DMRS table to support 3/4-layer OCC4 DMRS ports, as shown in Table 1 to support SU-MIMO．
[bookmark: OLE_LINK94][bookmark: OLE_LINK95]Support of MU-MIMO
The other issue is about the support of downlink MU-MIMO. LTE Rel14 already supports up to 32 antenna ports, which provides sufficient space isolation to support more users for MU-MIMO. It is well known that there are two important scenarios for this WI. One is small cell setting with sufficiently high SINR conditions, in which an LTE eNB may communicate with a stationary laptop or docked smart phone with high data rate requirements. The other scenario is a wireless network node connecting to an outdoor above-rooftop or indoor customer premises equipment (CPE) and then delivering to indoor users (home users, office users, customers in commercial buildings, etc.) via other links. Both scenarios have the characteristics of high SNR, stationary wireless channel, and high density of UEs. These characteristics inherently fit MU operation. So In our view, we should consider the support of MU-MIMO for the purpose of achieving the best system performance.  
[bookmark: OLE_LINK123][bookmark: OLE_LINK124][bookmark: OLE_LINK125][bookmark: OLE_LINK130]Proposal 2: Consider the support of MU-MIMO in 3/4-layers DMRS design
There are three alternatives to be considered
· Alt1: depending on eNB implementation 
· Alt2: introducing nSCID
· [bookmark: OLE_LINK116][bookmark: OLE_LINK117]Alt3: introducing orthogonal MU DMRS ports
[bookmark: OLE_LINK11][bookmark: OLE_LINK12]MU in Alt1 is left for eNB implementation, and transparent to UEs. Using the available channel state information, eNB could apply proper precoders for MU paired UEs. It can keep the MU-interference in a relatively low level. PDSCH can tolerate the residue MU interference thanks to channel coding and HARQ. But for DMRS, this impairment will lead to bad channel estimation performance, and further impact the PDSCH detection. 
[bookmark: OLE_LINK15][bookmark: OLE_LINK16][bookmark: OLE_LINK8][bookmark: OLE_LINK9][bookmark: OLE_LINK114][bookmark: OLE_LINK115][bookmark: OLE_LINK25][bookmark: OLE_LINK26]Introducing nSCID is another way to support MU-MIMO, where nSCID=0 and nSCID=1 can be assigned to paired UEs for DMRS sequence generation. It is similar to the 1/2-layers DMRS ports in existing standard. By this way, the MU interference on DMRS ports can be reduced. To support that, the entries corresponding to value 12~15 in DMRS table can be updated as in table 2
Table2: Antenna port(s), scrambling identity and number of layers indication
	12
	[bookmark: OLE_LINK72][bookmark: OLE_LINK75][bookmark: OLE_LINK76][bookmark: OLE_LINK85][bookmark: OLE_LINK86][bookmark: OLE_LINK87]2 layers, ports 7-8 nSCID=0 (OCC=2)
when NDI=0 for disabled Codeword, otherwise,
2 layers, ports 7-8 nSCID=0 (OCC=4)
	12
	[bookmark: OLE_LINK64][bookmark: OLE_LINK65]Reserved
3 layers, ports 7,8,11, nSCID=0 (OCC=4)

	13
	3 layers, ports 7-9 nSCID=0 (OCC=2)
when NDI=0 for disabled Codeword, otherwise,
3 layers, ports 7,8,11 nSCID=0 (OCC=4)
	13
	Reserved
3 layers, ports 7,8,11, nSCID=1 (OCC=4)

	14
	4 layers, ports 7-10 nSCID=0 (OCC=2)
when NDI=0 for disabled Codeword, otherwise,
4 layers, ports 7,8,11,13 nSCID=0 (OCC=4)
	14
	[bookmark: OLE_LINK66][bookmark: OLE_LINK67]Reserved
[bookmark: OLE_LINK37][bookmark: OLE_LINK38]4 layers, ports 7,8,11,13, nSCID=0 (OCC=4)

	15
	Reserved
	15
	[bookmark: OLE_LINK73][bookmark: OLE_LINK74][bookmark: OLE_LINK77][bookmark: OLE_LINK78]Reserved
4 layers, ports 7,8,11,13, nSCID=1 (OCC=4)



[bookmark: OLE_LINK32][bookmark: OLE_LINK34][bookmark: OLE_LINK39][bookmark: OLE_LINK40][bookmark: OLE_LINK35][bookmark: OLE_LINK36]Introduction of nSCID can reduce MU interference. However it cannot avoid the MU interference completely. LTE Rel-13 introduce OCC=4 for 1/2-layers DMRS ports to guarantee the orthogonality of MU ports in code domain. However for 3/4-layers DMRS ports with OCC4, the code space is almost full. It is hard to orthogonalize MU ports in code domain.  Alt3 is to introduce DMRS ports 9/10/12/14 for 3/4-layers DMRS ports besides ports 7/8/11/13, which can be illustrated in Figure1, 
 
Figure1: DMRS pattern for MU-MIMO
With the above method, although the orthogonality between MU DMRS ports is maintained, the DMRS overhead is doubled in MU operation. 
[bookmark: OLE_LINK41][bookmark: OLE_LINK42][bookmark: OLE_LINK120][bookmark: OLE_LINK118][bookmark: OLE_LINK119][bookmark: OLE_LINK46][bookmark: OLE_LINK47][bookmark: OLE_LINK88]Alt2 and Alt3 have standardization impact. Alt3 may have better channel estimation but less PDSCH resources. While Alt2 may suffer from worse channel estimation but has more PDSCH resources. More study is required to identify which scheme has better performance. 

[bookmark: OLE_LINK98][bookmark: OLE_LINK99][bookmark: OLE_LINK100][bookmark: OLE_LINK126][bookmark: OLE_LINK127]Additional DMRS overhead reduction scheme
One remaining issue from last meeting is to consider additional DMRS overhead reduction scheme. It may includes 
· Option 1: Other new DMRS patterns with 12 REs/RB,
· Option 2: Further lower density of DMRS ports, e.g., 4 REs/RB
For Option 1, we do not see the necessity to introduce other DMRS patterns. With the existing DMRS pattern, the ports are already evenly distributed in one RB. It is anticipated that introducing other DMRS patterns hardly bring some gain.
Option 2 is to further reduce DMRS overhead, e.g., 4 REs/RB. When SNR is very high, this DMRS density maybe work as well. However, we should be very careful to introduce other density DMRS. Although SNR in small cell maybe relative high, it does not means we can ignore the channel estimation accuracy. Unless solid evaluation proves the feasibility, we do not prefer to introduce other DMRS density. 
[bookmark: OLE_LINK131][bookmark: OLE_LINK132][bookmark: OLE_LINK103]Proposal 3: Additional DMRS overhead reduction scheme is not supported.


U311veforrresponding to value 12~15 in dated as and impact thePDSCH dection 
Conclusions
This contribution discusses the DMRS table design. We have the following proposals: 
Propose 1: Introduce new entries in the existing DMRS table to support 3/4-layer OCC4 DMRS ports, as shown in Table 1 to support SU-MIMO．
Proposal 2: Consider the support of MU-MIMO in 3/4-layers DMRS design
[bookmark: _GoBack]Proposal 3: Additional DMRS overhead reduction scheme is not supported.
[bookmark: _Ref124589665][bookmark: _Ref71620620][bookmark: _Ref124671424]References
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