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· Alt1: Option1-1 (Support a new codebookSubset for non-coherent and partial-coherent transmission capable UEs, e.g. for 2Tx the new codeboookSubset is all non-antenna selection TPMIs or with only TPMI [1 1] for rank 1)
Summary:
· Small delay CDD, if applied, is transparent to RAN1 specification
· A new codebookSubset is introduced only for the rank value(s) where full power transmission in UL is not achievable, includes the TPMI precoders in codebookSubset = partialAndNonCoherent and fullyAndPartialAndNonCoherent defined in Rel-15
· Alt1: Only a subset of the non-antenna selection TPMI precoder(s) is(are) supported
· Alt2: All of the non-antenna selection TPMI precoders are supported

	Intel
	We have some questions to this Alt:
1) Does this alt mandate or imply to mandate UE to support small delay CDD?
2) What is the structure for new codebook subset?
3) Could gNB configure codebookSubset which is different from the UE reported new codebookSubset?

	OPPO
	One simple solution is that gNB can configure the same codebook subset(s) for both coherent and partial/non-coherent UE (similar the UE behavior in LTE). It shows better performance than the scheme with only TPMI [1 1] in our simulation.
We are open to add some restriction on the codebook subset for progress if some companies have strong preference.

Regarding Intel’s question, please find some response from our side
1. Not necessary to mandate CDD
2. Can reuse the same codebook subset for coherent UE (we are open to discuss further restriction for compromise)
3. Depends on the design of UE capability signaling. One possible way is to report UE capability without TPMI/TPMI set

	IDC
	In response to Intel questions,
· As also mentioned by OPPO, there is no mandate to use CDD
· The main idea here is to redefine the boundaries of the existing subsets for NC and PNC UEs, and allow in some precoder options that are currently excluded. 

	Samsung
	In our view, since the antenna ports are NC/PC, TPMIs with different co-phasing values are not needed because phase coherence across antenna ports can’t be guaranteed. So, 1 FC TPMI is sufficient. Also, in order to keep the design simple (e.g. no change in SRI+TPMI payload), we can just replace TPMI=0 with a FC TPMI (e.g. FC TPMI with smallest TPMI index). Also, this solution is restricted to the following rank values (since other rank values don’t have this issue of full power Tx)
o	For 2 antenna ports and NC capable UE, rank 1 only
o	For 4 antenna ports and PC capable UE, rank 1 only
o	For 4 antenna ports and NC capable UE, rank 1-3
Re Intel’s questions,
1. No
2. Reuse Rel.15 codebookSubset replacing TPMI 0 with 1 FC TPMI
3. No

	Ericsson
	In our understanding, a number of variants of option 1-1 have been discussed, and it would be good to know which are actually being proposed. Note that the focus here is on non-coherent operation to simplify the discussion.  Also, my understanding is that some companies have CDD (i.e. option 2) in mind here, so it is added as a possibility.
Alt 1a) The new codeboookSubset is non-coherent TPMIs + a subset of the coherent precoding matrices with more coarse phase quantization
· UE uses TPMI to control relative phase among antenna ports and to select non-zero antenna ports for PUSCH transmission
· A different SRS port is transmitted on each Tx chain
· Transparent CDD may be used on each port. 
· gNB can coherently combine channel estimates from SRS according to TPMI when determining CQI/TPMI/RI
Alt 1b) The new codeboookSubset is non-coherent TPMIs + a subset, or alternatively all, of the coherent precoding matrices that is selected without regard to phase 
· UE uses TPMI to select non-zero antenna ports but not to control relative phase among ports for PUSCH transmission
· A different SRS port is transmitted on each Tx chain
· Transparent CDD may be used on each port.
· gNB can coherently combine channel estimates from SRS according to TPMI when determining CQI/TPMI/RI
Alt 1c) The new codeboookSubset is only non-coherent TPMIs, 
· UE uses TPMI to select non-zero antenna ports but not to control relative phase among ports for PUSCH transmission
· PUSCH and SRS ports are virtualized, possibly with CDD. 
· The same antenna ports are transmitted on multiple Tx chains.
· gNB directly measures SRS ports and maps one per layer according to hypothesized TPMI to calculate CQI/TPMI/RI

	Intel2
	We share the same view with Ericsson that there looks to be different sub-alternatives under alternative 1. To clarify Alt1, we recommend to list all of them for companies to understand details.
If companies have the same understanding that small delay CDD is not required, we recommend to add one sub-bullet to clarify this as well.

	CATT
	    Specification-wise, in Rel.15 there are only three possible CBS which is solely based on UE coherent capability. It is unclear if option 1-1 is to reuse the existing Rel.15 CBS, or introduces new CBS. This missing information is important to understand the specification impact and implementation impact.
    Performance-wise, the typical option 1-1 (as per contribution so far) basically allows a low-capability, non-coherent UE to “pretend to be” a high capability, coherent UE, and asks the network to treat it as such. However since the UE is not capable to hold phase continuity, pretending to be a high capability UE does not work in many cases. It may actually be worse as it mislead the network to schedule a wrong TPMI that the UE cannot support coherently (because the calculated SNR during link adaptation cannot be achieved in real PUSCH transmission). Multiple companies have shown performance loss compared to even the worse performance of Rel.15, due to “false capability reporting” by these UE.
   It is still to be confirmed if CDD can completely eliminate the performance degradation over Rel.15 in ALL cases. Given that CDD is (presumably) transparent in RAN1 and the delay is to be selected by UE alone, it needs to be ensured that CDD can address the performance loss of option 1-1 in different propagation channels. Deciding with a single link-channel model is insufficient. 
   Last but not least, a testing mechanism needs to be in place in RAN4 to make sure that the UE indeed will implement CDD. Otherwise nothing can prevent a lazy Rel.15 UE to simply declare meeting the Rel.16 enhancement objective, without actually doing anything. 3GPP must be able to catch these UE.  

	Nokia, NSB
	For CDD issue:
It has been agreed a while ago that Option 2 (CDD) is “transparent”. We shall stick to our original agreement, and there is no need to open the door to discuss any specification related CDD implementation. From technical point of view, the relative phase between any two non-coherent RF chain is unpredictable, no matter whether CDD is applied or not.

For specific proposal: 
One specific proposal is discussed in our tdoc R1-1905066:
For 2Tx rank-1: one extra entry can be added to the TPMI table for non-coherent case (the highlighted one is the new entry):
From the TMPI table (precoding information and number of layers) : 
0	1 layer: TPMI=0
1	1 layer: TPMI=1
it shall be changed to: 
0	1 layer: TPMI=0
1	1 layer: TPMI=1
2	1 layer: TPMI=2

Similar approach can be applied to 4Tx, as proposed in R1-1905066

	vivo
	In our view there are two slightly different variants of this alternative. a) The new codeboookSubset is non-coherent TPMIs + a subset (or one) of the coherent TPMIs; b) The new codeboookSubset is non-coherent TPMIs + all of the coherent TPMIs. 
Alt 1-c) as mentioned by Ericsson does not fall into this alternative which is not a new codebookSubset

	LGE
	Regarding CDD issue, we share the same view with many companies that it is NOT necessary to mandate CDD.  
For the issue on new codebook subset for non-coherent and partial coherent UE, we have same view with OPPO that one simple solution will be allowing all TPMIs to non/partial coherent UE. Also, we are open to discuss on further restriction of TPMI subset.

	QC
	Answers to Intel’s question: 
1. QC’s understanding is that S-CDD can be transparently applied by UE without mandating it.
1. We don’t intend to design any *new* codebook. QC’s understanding of Option 1-1 is the following
1. For a partial-coherent capable UE, allow the UE to use coherent codebook 
1. For a non-coherent capable UE, allow the UE to use partial-coherent and coherent codebook 
1. To transmit with full power, for a non-coherent or partial-coherent UE, eNB is not expected to schedule the UE with precoders *not* included in the *new* codebookSubset.
Note: We are open to discussion whether restriction is introduced on the codebook extension. So far, our view is restriction is necessary. For example, with 2 Tx UE, adding all coherent precoders [1,1], [1,-1], [1,j] and [1,-j] is not needed. Adding [1,1] precoder is sufficient due to the following two reasons. 1) [1,1] and [1,j] makes no difference to non-coherent UE. Because the phase difference can be anything and dynamically changing at any moment, no one except a genie can tell which precoder is better between [1,1] and [1,j]. 2) Even there is difference between [1,1] and [1,j], with transparent CDD, they becomes equivalent.  

	Huawei, HiSilicon
	The small delay CDD should be transparently applied. 



· Alt3-1: Option3+Option2 (Multiple SRS resources with different number of SRS port(s) in each resource)
· FFS: Whether to additionally support Option 1-2
Summary:
· UE is configured with multiple SRS resources in a set each with different number of SRS ports, e.g. 1 SRS source is configured with 1 port and another SRS resource is configured with 2 ports for the UE with 2 Tx chains.
· UE virtualizes Tx chains when configured with an SRS resource that has fewer ports than the number of Tx chains, e.g. 2 Tx chains are virtualized to transmit 1 port SRS resource
· Small delay CDD or other virtualization mechanism is applied in spec transparent manner
· UE does not virtualize Tx chains when configured with an SRS resource with number of ports equal to the number of Tx chains, e.g. 2 Tx chains transmit 2 ports SRS resource.

	OPPO
	We have some questions for Alt3-1
1. Are the SRS resources with different SRS ports in a set or different sets? If in different sets, how does gNB indicate UE the SRI? 
2. For a 4Tx non-coherent UE supporting antenna virtualization (e.g., 17dBm, 17 dBm, 17 dBm, 17 dBm), what is the typical SRS configurations? Which subset of TPMI will support full Tx power transmission?
3. For Optional 2, what’s is the typical parameters? Does it depend on the channel conditions?
4. Regarding Option 1-2, the scale factor(s) of which TPMI(s) should be modified? 

	Samsung
	We have concerns about this alternative since such a solution can be quite complicated and can have large spec impact. For example, for 4 Tx and rank > 1, it is unclear how many such SRS resources will be needed to ensure reasonable UL performance

	Ericsson
	Some response to OPPO with our thoughts on Alt3-1:
1. SRS resources are in one set.
2. The simplest configuration for your example is two SRS resources: a one port and a 4 port. The one port resource supports full power. We have simulation results for this in R1-1904847. A somewhat more complex configuration with better rank 2 support could be with 1, 2, and 4 port resources. The two port resource then supports full power for rank 2.
3. The CDD parameters are independent of whether TPMI subsets or SRS virtualization is used or not.
4. We are open to discussing how option 1-2 might be used with Alt 3-1, but it is not clear to us at this stage.

Some additional details on Alt 3-1: (Note that the focus here is on non-coherent operation to simplify the discussion.)
· UE virtualizes Tx chains when configured with an SRS resource that has fewer ports than the number of Tx chains
· E.g. SRS can be virtualized to 1 port resource for 2 Tx, and a non-virtualized 2 port resource can also be transmitted.
· Transparent CDD (‘option 2’) or other virtualization may be used
· PUSCH power is scaled by (# non-zero ports) / (# SRS ports in SRS resource indicated by SRI)
· UE uses TPMI to select non-zero antenna ports but not to control relative phase among ports for PUSCH transmission
· gNB directly measures SRS ports and maps one per layer according to hypothesized TPMI to calculate CQI/TPMI/RI

	Intel
	Share the same view with Ericsson, and we are also open to include or preclude option 1-2.
Now in Rel-15, when 1-port SRS is configured, full power is supported for PUSCH transmission scheduled by DCI format 0_1. We do not think this solution would be complicated.

	CATT
	We are open to option 1-2. Full power utilization is already achieved in Rel.15 with DCI 0-0, but unfortunately left out with DCI 0-1 (even if the gNB configures single-port SRS). This option simply allows full power to be also supported with DCI 0-1, based on the same mechanism already possible in Rel.15. From UE perspective we don’t see any implementation issue as both functions are already possible in Rel.15.  

	Nokia, NSB
	Number of SRS resources:
The number of maximum SRS resources at least for 4Tx is needed to be increased. Another question is whether we need to address non-codebook based Tx for this SRS based?
For support of Option 1-2, more details are needed together with the operation of multiple SRS configuration.

	vivo
	In our understanding, in this alternative, the gNB configures multiple SRS resources with different number of ports and UE virtualizes the TX chains when SRS resource has smaller number of ports. gNB indicates SRI to dynamically select SRS resource as well as transmission rank.

	LGE
	We share the same view with Samsung that this solution may require quite large specification impact especially on configuration of SRS resource. 

	QC
	We have a few questions to Alt 3-1
1) For 2 Tx UE, is it mandatory to configure at least two SRS resources for CB based PUSCH, i.e., one SRS resource for rank 2 MIMO, one additional SRS resource for virtualized SRS port to deliver full power? How many SRS resources are needed for 4 Tx non-coherent UE? How many SRS resources are needed for 4 Tx partial-coherent UE?
2) How many virtualized SRS ports are needed for the following scenarios 1a) 2 Tx non-coherent UE; 1b) 4 Tx non-coherent UE; 1c) 4 Tx partial coherent UE
3) Since the virtualized SRS port cannot be FDMed with other SRS ports, can proponents of Alt 3-1 please list the number of additional SRS symbols are needed for each of the above scenarios listed in question 2?
4) I assume to make Alt 3-1 to work, eNB need use SRI to indicate PUSCH transmission is associated with which SRS resources. First of all, is using SRI effectively mandate NonCodebook based PUSCH, which is an optional feature? Secondly, do we need increase number of SRI bits for 4 Tx UEs?

	Huawei, HiSilicon
	Some views as below:
1. Similar as the comment on Option 1-1, here the small delay CDD also should be transparently applied;
2. For the Option 1-2, it is needed. As an example for 4Tx with 20+20+20+20 dBm, then two ports SRS is configured, then, [1 0] or [0 1] can be full power transmission. However, in current spec (from LTE to NR), there is a normalization factor with 1/sqrt(2) before [1 0] and [0 1], which should be removed in the case of full power transmission, otherwise the power for the precoder is 1/2. Normalization factor less than 1 is not full power transmission in the specification view.



· Alt3-2: Option3+Option2+ Option1-1 (Multiple SRS resources with different number of SRS port(s) in each resource)
Summary:
· UE is configured with one SRS resource (without virtualization)
· gNB can configure the UE to use a subset of TPMIs that combine ports in a layer to produce full power transmission.
· A new codebookSubset is introduced only for the rank value(s) where full power transmission in UL is not achievable, includes the TPMI precoders in codebookSubset = partialAndNonCoherent and fullyAndPartialAndNonCoherent defined in Rel-15
· Alt1: Only a subset of the non-antenna selection TPMI precoder(s) is(are) supported
· Alt2: All of the non-antenna selection TPMI precoders are supported
· A different SRS port is transmitted on each Tx chain (small delay CDD maybe transparently applied)
· gNB can coherently combine channel estimates from SRS according to TPMI when determining CQI/TPMI/RI

	OPPO
	We have some questions for Alt3-2 on top of that for Alt.3-1
1. What is the subset of TPMI used for Tx full power transmission?

	Samsung
	Same concern as above

	Ericsson
	Regarding OPPO’s and Samsung’s question: please see below.

If SRS overhead is a concern, adding option 1-1 to the approach for Alt3-1 above could reduce overhead by not using the virtualized resource in exchange for reduced CSI accuracy and less UE implementation flexibility since gNB must do the virtualization itself if it’s not done by the UE.  One approach could be:
· UE is configured with e.g. one SRS resource (and not with a virtualized resource in this mode of operation)
· gNB can configure the UE to use a subset of TPMIs that combine ports in a layer to produce full power transmission.
· The TPMI subset could be the one from Alt 1b) above.
· A different SRS port is transmitted on each Tx chain
· Transparent CDD may be used on each port.
· gNB can coherently combine channel estimates from SRS according to TPMI when determining CQI/TPMI/RI
· PUSCH is scaled according to (# non-zero ports) / (# SRS ports in SRS resource) if SRI is not used

We’re also open to considering other TPMI subsets than those from Alt 1b), but do not yet see how they might work.

	Intel
	Share the same view with Ericsson, and we are also open for different TPMI subsets.
Now in Rel-15, when 1-port SRS is configured, full power is supported for PUSCH transmission scheduled by DCI format 0_1. This does not require much spec impact.

	Nokia, NSB
	We are open to this solution. But detail of TPMI subset, together with SRS configuration, is not fully clear at this stage.

	vivo
	In our understanding, comments from Ericsson above, this alternative does not require “Multiple SRS resources with different number of SRS port(s) in each resource”. If this is the case then this alternative and alt1 can be merged, in our view “Option 3” is about power scaling and split, equal power splitting has be agreed in RAN1#96b

	LGE
	Similar view with vivo, example from Ericsson can be merged with Alt1. 

	QC
	We see the only different between Alt 3-1 and Alt 3-2 is whether support Option 1-1. Given this observation, we have an additional question to Alt 3-2:
1)With Alt 3-2, is UE required to deliver full power transmission when NW scheduled with precoders *not* included in the new codebookSubset introduced by Option 1-1?

	Huawei, HiSilicon
	In this scheme, we do not think additional Option 1-1 is coherent codebook subset, otherwise why we need both virtualization and [1 1]?. In our understanding, the additional Option 1-1 is to provided new precoders with normalization factor is equal to 1, such as [1 0] and [0 1].
Then, similar as the comment on Option 1-1, here the small delay CDD also should be transparently applied.



· Alt5: FDM multi-port simultaneous transmission
Summary:
· The scheduled RBs are divided into several RB sets, each of which is associated with a respective antenna port or antenna port set (ports of which should be coherent)
· E.g., four PRBs are allocated to the UE for one layer PUSCH transmission. UE only use antenna port 0 for PUSCH transmission in PRB#0 and PRB#1, while only use antenna port 1 for PUSCH transmission in PRB#2 and PRB#3. It also could be considered as that precoding matrix [1, 0] is applied for PRB#0 and PRB#1 while precoding matrix [0, 1] is applied for PRB#2 and PRB#3.
· This is applicable to both CP-OFDM and DFT-s-OFDM
· For DFT-s-OFDM, one DFT is applied to one RB set
· This does not have spec impact on PRB bundling
· The minimal size of a RB set is 1 RB
· 

	CMCC
	In this scheme, take a PC2 UE with 2Tx (23dBm + 23dBm) as an example, the PUSCH resources allocated to the UE are split into two parts in the frequency domain, and each antenna port is used for PUSCH transmission in different part of the resources. For each part of the PUSCH resources, the transmission power could reach up to 23dBm and total PUSCH transmission power for the UE could reach up to 26dBm.
As illustrated in the figure below, according to the resource allocation in the DCI format 0_1, four PRBs are allocated to the UE for one layer PUSCH transmission. UE only use antenna port 0 for PUSCH transmission in PRB#0 and PRB#1, while only use antenna port 1 for PUSCH transmission in PRB#2 and PRB#3. It also could be considered as that precoding matrix [1,0] is applied for PRB#0 and PRB#1 while precoding matrix [0,1] is applied for PRB#2 and PRB#3.

[image: ]
Regarding Intel’s comments, please find some response below:
1. Regarding“Is this applied to both CP-OFDM and DFT-s-OFDM?”, our understanding is that this scheme can be applied to both CP-OFDM and DFT-s-OFDM. When applied to DFT-s-OFDM, one way is that the one layer for the single codeword could be split to two parts (e.g., part 0 and part 1), and then applying transform precoding for each part separately.  After that, each part could be mapped to the corresponding PRB resources(e.g., part 0 is mapped to PRB#0 and PRB#1, part 1 is mapped to PRB#2 and PRB#3) and transmitted with the corresponding antenna port.
2. Regarding “Do we need to specify PRB bundling for UL?”, we do not have any preference regarding how to capture this in spec. In my understanding, we do not have to specify PRB bundling. There may be other ways to capture this simply, but it depends on companies’ further discussion.
3. Regarding “Can it support less than 4 PRB transmission? For DL, the minimal PRG size is 2 RB.”, our understanding is that it can also support less than 4 PRB transmission, e.g., 2PRB.

Regarding Oppo’s comments, please find some response below:
1. In our understanding, the same reference point could be used for different reference point, which means that one DMRS sequence could be used for two ports, but different ports use different parts of the DMRS sequence.
2. If I understand correctly, I think you are talking about the difference between the two methods illustrated in the figures below. 
[image: ]
Figure 1
[image: ]
Figure 2
For the method in figure 1, one DFT for two PRB sets is used, while for the method in figure 2, one DFT per PRB set is used. In our understanding, method in figure 2 may have some advantage regarding the PAPR performance. But this is just our initial thinking, companies can provide their views
3. I think there is no need to encode the data for each port separately.
4. In my understanding, there is no need to change the determination of Frequency density of PT-RS, which means based on the number of the total PRBs of all sets, and just to separate the complex-valued symbols into two parts and do DFT separately.
5. This part can be based on further discussion. I think both are OK for us.

Regarding Samsung’s comments, please find some response below:
1. My current understanding is that, except at least two PRBs should be allocated, there is no other restriction for UL resource allocation.


	ZTE
	The scheduled RBs are divided into several RB sets, each of which is associated with a respective antenna port or antenna port set (ports of which should be coherent) in order.

To reduce the interference among non-coherent antenna ports, each antenna port only transmits part of the scheduled RBs, as shown in the following figure. The scheduled RBs are split into several RB sets, e.g. 2 RB sets. Each RB set is only transmitted by one respective antenna port. In this case, the maximum power could be up to 23dBm with no interference among non-coherent antenna ports. Furthermore the power per RE of this FDM approach is higher than that in the port selection and S-CDD schemes, which means a larger coverage, because of the smaller bandwidth per antenna port. 

                 

	Intel
	We have some questions to this Alt:
1) Is this applied to both CP-OFDM and DFT-s-OFDM?
2) Do we need to specify PRB bundling for UL?
3) Can it support less than 4 PRB transmission? For DL, the minimal PRG size is 2 RB.

	OPPO
	We have some question for Alt.5
1. For DFT-s-OFDM, the reference point for subcarrier k is subcarrier 0 of the lowest-numbered resource block of the scheduled PUSCH allocation if transform precoding is enabled. For the current PUSCH schemes, different ports are corresponding to the same scheduled PRBs. In Alt.5, the different ports (transmitted on different RB sets) should the same reference point or different reference points? Accordingly, one DMRS sequence or two DMRS sequences?
2. What’s the difference between a DFT for multiple PRB sets and a DFT per PRB set? 
3. If a DFT per RB set is used, are there any additional impacts on the spec? For example, does the data for each port encoded separately or jointly in channel coding? 
4. Does it impact on the determination of Frequency density of PT-RS?  Based on the number of the total PRBs of all sets or only the PRBs of each set?  
5. Is the RB allocation for each port fixed by spec. or configured by gNB?

	IDC
	To make this work, per transmission layer, a UE may need to have either two IDFT/DFT + DAC, or two very highly selective filters that may not be an efficient and attractive approach for implementation. 
In other words, in the exemplary figures shown in the thread, RB#(0,1) should be processed differently than RB#(2,3) before feeding to the antenna ports #0 and #1.

	Samsung
	Similar concern as IDC. This also complicates UL resource allocations.

	Ericsson
	We think this idea is worth considering further.  However, its performance should be evaluated under varying conditions (e.g. for both directional and omni UE antennas and for 2 and 4 Tx) and its specification impact should be determined.  

	Nokia, NSB
	This idea is very interesting, and it is worth considering with these potential issues:
· Relative phase discontinuity (RPD): at least link simulation is needed to evaluate whether RPD between two Tx is impact the demod performance with various PRB allocation.
· UL resource allocation: is there a specification transparent approach for this approach? Or do we need to consider different Tx ports for UL resource allocation? If the answer to the 2nd question is yes, there will be significant impact to specification and gNB implementation of uplink scheduling.

	LGE
	We are fine for further study on this scheme by considering its performance and impact on specification. 

	QC
	A few comments/questions:
1. It seems that this scheme does not work for 1 RB PUSCH.
1. Need further study on RAN4 related aspects such as: MPR/A-MPR due to antenna coupling, intra-band leakage between the two subsets of RBs, etc. 
1. How to signal/trigger UE to transmit using this special Tx scheme needs to be specified.
1. As OPPO/IDC pointed out, for DFT-S waveform, two DFT/IFFT is needed with this scheme. Essentially it needs two parallel baseband Tx chains to implement this scheme.
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