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1. Introduction

This document provides a summary of the email discussions after RAN1#60 on DM-RS design.
2. Discussion

The detailed input and comments from the participating companies are given below.

1. Layer to port mapping for rank > 2
There are currently two different mapping principles being discusssed for SU rank 3-8;  intra-CW mapping where the two codewords are mapped onto different CDM groups and inter-CW mapping where the two codewords are mapped to both CDM groups. Please share your views on layer to port mapping, such as mapping principle, for initial transmission and single codeword retransmission
	CATT
	As mentioned by Ericsson and Samsung, intra-CW mapping might be beneficial for SIC receiver and inter-cell interference randomization. 

However, one-to-one mapping seems to be a natural and simple choice which keeps the same mapping for each rank condition regardless of the CW number. Considering the uncertain benefit that might be obtained with intra-CW mapping, the simpler mapper is slightly preferred. 

	CMCC
	We share the same view as Nokia and NSN. on one hand, intra-CW mapping may contribute theoretical benefit the when UE is equipped with SIC receiver, but on another hand, inter-CW mapping can function as somewhat of interleaver that will be helpful for UE is not equipped with SIC receiver. from this point of view, we slightly prefer simpler mapping(inter-CW).

	Ericsson
	We think that a predefined mapping should be defined for each rank, following either intra-CW or inter-CW principle regardless of DM-RS port numbering. We do not think any mapping has a specification advantage over the other mapping. Our preference is intra-CW mapping.  
 

For a single codeword retransmission, we propose to use the same mappings as initial transmission; inline with RAN1 decision that two transmission will be used in case of more than two layer transmission. For a case with rank 1 or 2 transmission with a single codeword, only one CDM group is used for DM RS, whereas the other CDM group is used for data transmission. 

	HTC
	We prefer one-to-one layer to port mapping following inter-CW principle.

	Huawei
	We think the key issue is to firstly define the physical resource of each DMRS port as raised by question 2. We haven’t found any necessity to define a more complicated mapping scheme between layer and DMRS port than the straightforward one-to-one (e.g. layer 1 -> port 7, layer2->port 8, etc), rank independent mapping. Hence, this allows for inter-CW mapping according to your definition. 

Considering retransmission of a single, rank R CW, we prefer for simplicity to use the rank R DMRS pattern and related CDM group(s). Hence, inter-CW mapping is allowed for retransmission with R>2 and in case of R<=2, CDM group 1 is used and CDM group 2 is empty.

	Interdigital
	We agree with Ericsson and Samsung that there is no difference between the two approaches from a specification point of view.  We do see some benefit to intra-CW mapping in terms of performance due to inter-cell interference randomization. We also agree that we should keep the DM-RS mapping of the retransmission of single CW the same as that of initial transmision, which can be achieved only by intra-CW mapping.

	LGE
	Considering that a layer has been one-to-one mapped onto a DM-RS port for multi-layer transmission, it would be good to keep that principle in Rel-10 as well for the sake of simplicity. We believe that keeping that principle will give simpler UE implementation since the channel estimator of a layer will be fixed irrespective of the rank. In addition, I don’t see any necessity to additionally define “layer to DM-RS port mapping table” in the specification without any benefits since the channel estimation accuracy will be the same across the layers irrespective of the rank. Even for the single codeword retransmission, I don’t see the gain from additional definition of DM-RS port to layer mapping for higher rank transmission since the DM-RS overhead reduction gain is compromised with channel estimation performance loss. If that provides gain, it would be good to revisit DM-RS port allocation rule for rank 3 and rank 4 since it would mean that one CDM group is enough for rank-3 and rank-4 transmission. Furthermore, UE should implement different channel estimators for the rank-3 initial transmission (3 layers with 2 CDM group) and rank-3 retransmission (3 layers with 1 CDM group). Therefore, we prefer to define a layer as a DM-RS port for rank>2 irrespective of the rank.

	Motorola
	We do not see much difference between the two mapping schemes and prefer the simpler inter-CW natural order for layer to port mapping for rank>2 initial transmission and single-codeword retransmission.

	NEC
	Natural mapping from layer to port (inter-CW mapping) is slightly simpler compared to intra-CW mapping since for the former the mapping from a later to a port is independent of the rank. Intra-CW mapping can be considered if significant throughput gain (for SIC receiver) can be demonstrated. Layer-to-port mapping should be the same for initial transmission or retransmission.

	Nokia/NSN
	We do not see major differences between the two mappings. There seems to be small theoretical benefit in selecting the intra-CW mapping (codewords mapped to different CDM groups) that mostly depends on the DM-RS power offset. Since our preference is a single power offset for transmission ranks higher than 2 (see our answer for 3.2 & 3.3) we don’t expect any difference in performance between the two schemes in practice. Hence we have a slight preference towards the simpler mapping (inter-CW). In any case, it is important to have a fixed mapping rule for each rank.

	NTT DoCoMo
	We slightly prefer Intra-CW mapping. This question can be jointly considered with the DMRS power question in Q3.2.

- Basically, channel estimation performance of all layers should be kept similar. 

- For this aim, the DMRS power of multiple layers can be set the same, thus our preference on Q3.2 is “B) the same power offset for each port”.

- However, one possible problem in this case is inter-cell interference power on the subcarrier for CDM group1 and that for CDM group2 could be different.

- Then, it might be beneficial to use intra-CW mapping because we can at least ensure that the channel estimation performance of multiple layers in a CW is similar. 

	Philips
	A layer to port mapping should be defined for each rank and number of codewords. There may be some benefit from intra-CW mapping, but no major disadvantage if inter-CW mapping is selected on grounds of simplicity.

	Qualcomm
	We prefer one-to-one mapping. Certain type of advanced SIC receivers can actually perform better with inter-CW mapping. Also, when comparing the layer multiplexing options mentioned by Samsung, we found that it may be better to let two layers (out of the three rank-3 layers) interfere with Port 7 or 8 across neighboring cells because this allows for better estimation of the spatial structure of the interference.

	RIM
	We also feel that a simple one-to-one mapping between layer and port could be a feasible WF, therefore, we slightly prefer inter-CW mapping.

	Samsung
	In our view, both approaches are similar and straightforward to capture in the specification, and we don’t see much difference in that perspective. On the other  hand, we see some benefit of keeping the layers of one CW in the same CDM set in some situation such as Rank-3, 5.  Take rank3 transmission as  an example,  with a mapping of CW1 to port 7 (CDM set1), CW to  port 9 and 10 (CDM set 2),  a UE equipped with SIC receiver can benefit since CW1’s RS will not have interference from CW2’RS. This is especially true if we have different power among DMRS ports. Another benefit we see is  inter-cell interference randomization. When a UE receives odd number of layers, the mapping allocates less total power on the top CDM set than the bottom CDM set, under the assumption of equal power per layer. As we can expect the top CDM set is more frequently used for DM RS, the method of mapping less number of DM RS to the top CDM set for RBs assigned to high-rank UEs would collectively reduce interference to other cells' DM RS on the top CDM set.
For retransmission, we don’t see any reason to deviate from layer to DMRS mapping defined for initial transmission.

	TI
	We do not see any significant benefit of one scheme over the other. Hence, we prefer the simpler rule, i.e. natural ordering for layer to port mapping as mentioned by LG: predefined rule of layer index = DMRS port index regardless of the rank.

	ZTE
	According to TR 36.814 v1.6.2, Table 7.1-1, it is possible for one codeword to be transmitted with rank 3 or rank 4. It seems already a fact that inter-CW mapping should be supported. On the other hand, we also see some benefits of intra-CW mapping, such as independent channel estimation between TB’s and chance for balanced channel estimation performance among layers per TB. So we would like to suggest that RAN1 does not try to exclude either intra-CW mapping or inter-CW mapping. Different mappings could be applied under different transmission conditions.


Summary: 

Many companies think inter-CW mapping is a simpler mapper based on one port numbering while some companies think intra-CW mapping can benefit inter-cell interference randomization, SIC receiver, etc. It seems the respective benefits of intra-CW mapping and inter-CW mapping are not fully investigated. In addition, the conclusion or view on the layer mapping for single-CW re-transmission is not so clear since some companies had different views and other companies didn’t share their views. 
Rapporteur proposes following:

- More discussions on the comparison between intra-CW mapping and inter-CW mapping for both initial transmission and single-CW re-transmission.
 
2. DMRS-port number and OCC allocation for two groups
We need to define the orthogonal cover codes and the DM RS port numbers, i.e associate a CDM group and a cover code with each antenna port. Please share your views on OCC allocation and DM RS port numbering (take ports 7/8 into account)
	CATT
	We agree with LG's views on port numbering and OCC allocation 

	CMCC
	Agree with Samsung's proposal for antenna port numbering

	Ericsson
	We do not see strong relation between port numbering and layer mapping, and think it more important to decide on the layer to port mapping first.  Port 7 and 8 should be kept unchanged and the  OCC/DM-RS sequence shoudl be kept the same for a given antenna port, independent of the transmission rank.

	HTC
	We agree Samsung and MOT’s view.

	Huawei
	Orthogonal Cover Code

CDM group

DMRS port 7

[1,1,1,1]

1

DMRS port 8

[1,-1,1,-1]

1

DMRS port 9

[1,1,1,1]

2

DMRS port 10

[1,-1,1,-1]

2

DMRS port 11

[1,1,-1,-1]

1

DMRS port 12

[1,1,-1,-1]

2

DMRS port 13

[1,-1,-1,1]

1

DMRS port 14

[1,-1,-1,1]

2

Notes: when rank<=4, UEs assume OCC length for ports 7, 8, 9 and 10 as 2

	Interdigital
	We agree with Samsung’s proposal

	LGE
	For two CDM groups with 8 DM-RS ports, 1st CDM group: {0, 1, 4, 6}, 2nd CDM group :{2, 3, 5, 7} are preferred for the balanced power allocation for higher rank.

	Motorola
	We are fine with Samsung’s proposal on the DM-RS port mapping to the CDM groups. For a given antenna port, the OCC code and CDM group should be predefined and independent of transmission rank

	NEC
	We agree with the balanced power principle mentioned by LGE or Samsung.

	Nokia/NSN
	We are fine with Samsung’s proposal above for DM-RS port mapping to CDM groups.

	NTT DoCoMo
	We agree with LGE’s proposal.

	Philips
	The proposal from LG (with the clarification from Samsung) seems fine. The additional refinement from Huawei on the OCCs also seems OK (and a table like this, or equivalent, seems necessary). 

	Qualcomm
	We are ok with the proposal by Samsung and LGE

	RIM
	We are fine with Samsung’s proposal as it could reuse ports 7 and 8 from Rel-9.

	Samsung
	We agree to LG's proposal in principle. The numbering should be like, 1st CDM group: {7,8,11,13}, and 2nd CDM group: {9,10,12,14}, as DM RS for layers 0 and 1 in Rel-9 dual-layer beamforming are mapped to DM RS REs for antenna ports 7 and 8.

	TI
	The above proposal from LG looks fine to us.

	ZTE
	CDM group 1 contains DMRS ports {7,8,11,13}; CDM group 2 contains DMRS ports {9,10,12,14}. At this moment, we are open to any OCC design.


Summary: 

Many companies agree with one port numbering CDM-1{7/8/11/13} and CDM-2{9/10/12/14}. But as required for this topic, the relation between DM-RS port numbering and allocated CDM / applied OCC is not clear since most of companies did not share their views on OCC allocation and the relation with port numbering. Ports 7/8 seems not changed.
Rapporteur proposes following:
- Agree to keep ports 7/8 unchanged
- More discussions on the relation between other ports and CDM / OCC sequences. 
 
3. DM RS power allocation
It was decided that there is no explicit control signalling for DM RS power boosting. Please share your views on the following issues
3.1. power is not borrowed from data while enabling full power utilization, agree or disagree?
	CATT
	Agree

	CMCC
	Agree 

	Ericsson
	Agree

	HTC
	Agree

	Huawei
	We agree with not borrowing power from data while enabling full power utilization.

	Interdigital
	Agree

	LGE
	The full power utilization has been an essential design criteria so far for downlink MIMO transmission design. Therefore, enabling full power utilization seems to be beneficial as it can enhance demodulation performance.

	Motorola
	Agree 

	NEC
	Agree

	Nokia/NSN
	Agree, DM-RS design should achieve full power utilization while power is not borrowed from PDSCH Res

	NTT DoCoMo
	Yes, agree.

	Philips
	Agree

	Qualcomm
	

	RIM
	Agree

	Samsung
	We do not see any need of deviating from full power utilization, and it could be done without addition control signaling. On the other hand,  power borrowing from PDSCH REs for DM RS may imply more control signaling overhead, we  may need more understanding on whether the potential benefit of power borrowing, if any, justifies these additional signaling

	TI
	

	ZTE
	Agreed.


Summary: 

Almost all companies share the same view and agree the power is not borrowed from data while enabling full power utilization.

Rapporteur proposes following:

- Agree that power is not borrowed from data while enabling full power utilization
3.2. which design principle
A) the same total power for both CDM group 
B) the same power offset for each port
C) others
3.3. detailed DM-RS power allocation
	CATT
	To balance the DMRS channel estimation performance for each layer and avoid the DL control signaling overhead of poweroffset, keeping the same poweroffset for each port is preferable. 
It's reasonable to have a fixed power offset of 3dB for DL transmission with rank greater than 2.  

	CMCC
	same fixed power offset with 3dB for each port is sufficient for all case

	Ericsson
	We think that the power allocation depends on the detailed scheme of the layer to port mapping. Therefore, the layer to antenna port mapping should be decided first.

	HTC
	We have the same concern as LG and DOCOMO, we prefer to have fixed power offset for each port.

	Huawei
	If full power utilization achieved, it’s unavoidable to have power offset between PDSCH EPRE and DMRS EPRE due to CDM+FDM DMRS ports adopted for rank>2 transmission, but it could have a fixed power offset (3dB) for all rank>2 transmission. 
We also note that it’s possible to make total power for both CDM group the same, but it leads to different power offset for different port and different power offset of each DMRS port in the transmission with different rank. We don’t think it’s necessary. On one hand UE needs to compute the power offset according to the downlink rank indication, this leads to unnecessary computation burden for the UE. On the other hand, it’s not reasonable to always allocate more power to the DMRS ports located in the first CDM group deliberately.

	Interdigital
	

	LGE
	The channel estimation accuracy should be the same as we have assumed for designing all downlink transmission schemes and feedback modes. Otherwise, the power offset should be informed for each layer level according to the rank. That would be messy.

	Motorola
	The channel estimator performance for each layer should be similar and thus we prefer a fixed same power offset for each port.

	NEC
	We prefer the same power offset for each port (principle B) for the following reasons:

· There is even DM RS power for each layer

Ø      This gives an even quality of channel estimation for each layer at UE.

Ø      If two transport blocks are mapped to separate CDM group, the PDSCH performances of the transport blocks are also more even.

· There is more back-off margin for the power amplifiers at the eNB 

Ø      Assuming the PDSCH on each antenna can be assigned up to the nominal power of the antenna, the PSD of its DM RS is above the nominal power. For principle B, it is always +3.01dB while for principle A, the maximum is +4.77dB.

· Simplicity for both standardization and eNB/UE implementation.

Ø      No need to change the factor of power boosting depending on even/odd number of layers for total number of layers greater than 2.

Ø      Low signaling overhead.

· Full power utilization for each antenna port can be also achieved.

For SU-MIMO, fixed power offset of 0dB if the transmission rank is 1 or 2; fixed power offset of 3dB if the transmission rank is greater than 2.

	Nokia/NSN
	Our preference is a fixed power offset between DM-RS ports with respect to their associated PDSCH layer. When the number of layers is higher than two, this offset is equal to 3 dB, that is DM-RS ports have double power compared to their associated PDSCH layer. The FDM component within the hybrid FDM/CDM DM-RS pattern allows for efficient power utilization as power can be pulled from DM-RS REs inside the same OFDM symbols. All DM-RS ports experience the same power level.
There is no need for detailed power allocation table as a single offset fits all cases. A DM-RS port with double power compared to its associated PDSCH layer whenever the transmission rank is higher than 2 yields a sufficient condition for full power utilization.

	NTT DoCoMo
	As we explained above in the first question, our preference is “B) the same power offset for each port”

	Philips
	The same power offset per port seems the simplest approach. However there is no fundamental need to apply such a restriction if there is a benefit from different offsets. As pointed out by Nokia below, power can be shared between CDM groups without impacting the power in other RBs. Therefore, within the total power constraint, there is no need to apply any particular restriction on the power level for any DM-RS port (unless RAN4 specifications impose a restriction).
If there was more than one value of the offset between DM-RS and data, a power allocation table would be one method for defining the offsets.

	Qualcomm
	We prefer the same power offset on each antenna port (option B).  If orthogonal DM-RS is agreed for MU-MIMO (not yet decided) then the combined power across MU-MIMO users (for example, three rank-1 users) would anyhow follow option B.
We also prefer fixed 0dB (rank 1, 2); 3dB (rank >2) power offset for all modulation order cases, including QPSK. Absolute DM-RS (and data) power is fixed within an RB but can vary across RBs.

	RIM
	We feel keeping the same power offset for each port would be a good starting point.

	Samsung
	In Rel-10, demodulation is based on dedicated RS, and hence a UE only needs to know the traffic-to-pilot (T2P) power ratio per each layer.  We think it’s natural to have the same T2P ratio per layer (in this case 3 dB  as Huawei pointed out below for full power utilization) for simplicity of overall design, for example, to avoid excessive signaling as LGE mentioned above.

	TI
	

	ZTE
	Besides A and B, we would like to bring attention to a solution similar to what was proposed by some other company in earlier meetings, but keeps the DMRS-to-data power offset as 1 or 2, even for odd ranks. The solution is illustrated by figure below for odd rank. 
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In this solution, for any rank R (3<=R<=8), each CDM group contains 
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 DMRS ports, among which 
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 ports have DMRS-to-data power offset per layer equal to 2, and 
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 port has DMRS-to-data power offset per layer equal to 1. If R is odd, R-1 layers evenly map to 
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 DMRS ports in each of two CDM groups, with the DMRS-to-data power offset per layer equal to 2; and the remaining one layer maps to one DMRS port in CDM group 1 and one port in CDM group 2, with the DMRS-to-data power offset per layer equal to 1. 

To consider the implementation complexity, the channel estimation on the layer that maps to two CDM groups can be simplified as 
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 for the data RE location x, where 
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 is the channel estimation for data RE x based on the DMRS of proper layer in CDM group i. 

This solution maintains the equal EPRE between DMRS and data (which is the target of A)), while needs no more DMRS-to-data power offsets besides the ones already defined (which is somehow one of the benefits of B)). In addition, each layer has the same “DMRS energy” that contributes to the channel estimation performance.  

Currently we have no strong preference among A), B) and the above-mentioned solution, and invite more discussion and evaluation for decision.


Summary: 

Almost all companies agree to have a fixed and the same power offset for each port, but for detailed power offset, many companies preferred a single value of 3dB for each layer but some companies didn’t share their views and one company proposed to have more than one value.

Rapporteur proposes following:
- Agree the same power offset for each DM-RS port for the rank greater than 2
- To check whether one single power offset of 3dB is agreeable
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