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1 Introduction
The documents intent to capture companies’ comments on the WID on DL 1024 QAM for NR FR1 in RP-201961 [1]. This is one of the work areas (BS EMC & DL 1024QAM in FR1) which was identified at RAN#88e [2]. The contents of the WID in RP-201961 are based on the comments received during email discussion [3] between RAN#88e and RAN#89e.
2 Comments on DL 1024QAM for NR FR1
2.1
Topics for discussion
· Sub-topic 2-1: Core WI objectives
· Sub-topic 2-2: Performance WI objectives
· Sub-topic 2-3: Timeline e.g. TU per meeting
· Sub-topic 2-4: Any other issue
2.2 Companies’ views collected
Interested companies to provide comments on the sub-topics in the following sections based on WID in  RP-201961.
2.2.1 Sub-topic 2-1: Core WI objectives
	Company
	Comments

	Huawei/HiSilicon
	During the email discussion before the RAN plenary, we provided some comments on some technical aspects for NR supporting 1024QAM. However, these issues are not well addressed so far. 
We are not sure if 1024QAM can provide the significant gain for most of cases in practical network, while we see the complexity, cost, and noticeable impacts on the implementation.
For NR main stream band, the 4-layer on single carrier is mandatory. Combining 1024QAM with 4-layer transmission, the required SNR is very high especially in fading channel. Such SNR may be capped by UE Rx EVM and could not be achievable. For use case of 1024QAM with 2-layer, we are not sure if the achievable DL performance would be better than 256QAM with 3-layer or 4-layer. Thus we think that the use case of 1024QAM would be rare.
It would be challenging for NR BS especially the wide area BS to ensure the perfect Tx EVM such that 1024QAM performance can be guaranteed, because BS needs transmit with relatively higher power, e.g., 53dBm@100MHz, compared to LTE BS. And such perfect Tx EVM seems over-demanding and very costly, which is only to ensure the good 1024QAM performance for a very small population of UEs which are near BS.
It is also challenging for UE to ensure good Rx EVM to harvest the gain of 1024QAM. UE will do the link adaptation. UE may choose 256QAM with certain layers before choosing 1024QAM. So with link adaptation, most likely the use case of 1024QAM would be with 4-layer, which requires SNR which seems higher than 30dB. And such 30dB is just the SNR at transmitter side. Considering the beamforming gain, the received SNR at each Rx would be even higher, which means the Rx EVM should be around 0.02%. The demodulation performance of 1024QAM for NR is based on DMRS, for which we are not sure if the required SNR is similar to LTE or even higher than LTE. Maybe the required SNR would be even higher. From all the above aspects, the support of 1024QAM seems also demanding for UE to implement.
The other aspect is that NR will use up to 100MHz channel bandwidth for a single CC in FR1. In such wider channel bandwidth supporting 1024QAM with higher layer would lead to higher power consumption for a UE especially when the RLM advanced receiver, which is specified in Rel-15, may be used. The increase of power consumption is not in linearly proportional to the increased channel bandwidth. 
In LTE 1024QAM is specified in a late stage for the scenario where UE is with less mobility and BS just covers the small area. We do not see the urgency to specify the 1024QAM at the current stage.
Besides, we wonder if 1024QAM should be a RAN4-led WID? In LTE, RAN1 led the feasibility studies for 1024QAM where benefits/gains were evaluated.
We would like to first address the above concerns before discussing the details for the WID objectives.

	T-Mobile USA
	We are surprised that 1024 QAM is at all controversial. There are 25 supporting companies for the WID. LTE had 1024 QAM, so operators expect 1024 QAM for NR. 4Rx is not a requirement for every band, only certain bands. Even in bands with 4Rx, in a small cell environment 1024 could provide high throughout when there may not be sufficient multipath for MIMO. So we think there are good reasons to pursue 1024 QAM. 

	Verizon
	Agree with TMUS. Not having 1024Q for NR put mobile operators in great disadvante competing with alternative technologies, in many specific scenarios. It is not a Verizon issue but an issue impact all of our industry. These things matter.

	QC
	We agree with the proposed objectives for the core part. This is useful in low rank channels such as line of sight with high SNR(relatively close to BS). If this was useful for LTE, it should be useful for NR also.

	Charter Communications Inc
	We agree with the proposed objectives of the core part and share similar comments with TMUS and Verizon.

	Apple
	We are OK with the scope. Considering we only specify up to rank2 for 256QAM, it is reasonable to assume up to rank2 for 1024QAM too.

	AT&T
	We agree with the core WI objectives and 1024QAM needs to be extended to NR.

	SoftBank
	We are OK with the scope and support the view from T-Mobile USA. 

	Telenor
	Telenor support 1024 QAM for NR.

	Ericsson
	We agree with the proposed WI core part objectives.
Response to Huawei’s concern:
This WI targets FR1 in general, so it covers both low-band (below 2.5GHz) and mid-band (avobe 2.5GHz). We should point out now operators start to deploy NR in the low band. In such bands, most UEs use 2Rx antennas, and the channel bandwidth is about 20MHz per CC, as T-Mobile USA commented above. To achieve the higher peak rate in the low bands, we believe 1024QAM with 2 layers show the gain compared with 256QAM with 2 layers. Even with the mid-band, we expect higher SNRs according to beamforming gain with BS type 1-H/1-O, which was not assumed in Rel-15 LTE 1024QAM. 
DL 1024QAM will be defined as per band capability as mentioned in the objective so UE vendor has freedom to decide whether to implement it or not for mid band.
•
Note: DL PDSCH 1024QAM for FR1 should be defined as a per-band UE capability
From the implementation point of view, we don’t believe supporting 1024QAM is so complex, because WI core objectives propose to reuse the Rel-15 LTE design such as constellation or modulation table.  
Regarding Rx EVM, we think 0.02% is pessimistic. In Rel-15, RAN4 specified LTE PDSCH demodulation requirements with 1024QAM, and the requirements are up to SNR=30dB at received antenna port, which corresponding to Rx EVM ~ 3%. In LTE the BS can support multiple carriers and aggregated bandwidth can be very large and UE can support up to 5 or even 6 CCs. Also note that the main application for 1024QAM is fixed wireless access in which case power consumption is less of an issue. Anyway WID does not list any EVM requirement rather it shall be decided by RAN4.

	MTK
	We support the core part scope

	CHTTL
	Agree with T-Mobile USA

	Nokia
	We agree with the objectives and support the WI. 

	Telstra
	We agree with the proposal, 1024QAM was agreed to be useful for LTE so the same logic holds for NR FR1

	Turkcell
	We support 1024 QAM for NR


2.2.2 Sub-topic 2-2: Performance WI objectives
	Company
	Comments

	Huawei, HiSilicon
	See the comments for sub-topic 2-1.
Before discussing the detailed objective for performance part, let us first agree on the need of 1024QAM.

	QC
	We support the proposed objectives

	Charter Communications Inc
	We support the proposed objectives

	Apple
	We support the proposed objectives

	AT&T
	We support the proposed objectives.

	Telenor
	We support the proposed objectives.

	Ericsson
	We support the proposed Performance WI objectives.

	MTK
	We support the proposed objectives.

	Nokia
	We support the proposed objectives. 

	Telstra
	We support the proposed objectives. 

	Turkcell
	We support the proposed objectives


2.2.3 Sub-topic 2-3: Timeline e.g. TU per meeting
	Company
	Comments

	Huawei, HiSilicon
	See the comment for sub-topic 2-1.
Before discussing the TU budget, let us first agree on the need of 1024QAM.

	QC
	Proposed allocation is reasonable

	Charter Communications Inc
	Proposed allocation is reasonable

	AT&T
	The TU allocation and timeline look reasonable.

	Ericsson
	We think the proposed TU per meeting is reasonable.

	Nokia
	The proposed allocation is reasonable. 

	Turkcell
	The proporsed TU allocotion is acceptable.


2.2.4 Sub-topic 2-4: Any other issue
	Company
	Comments

	
	

	
	

	
	

	
	

	
	

	
	


2.3 Summary of discussion 
The current WID (RP-201961) discussed in this thread is supported by 25 companies and 3 more companies (KT, Telenor and Apple) requested to co-source the WID. This include 17 supporting operators and several UE and network vendors. 
In total 17 companies (HW, TMUS, Vz, QC, Charter, SS, Apple, KT, ATT, MTK, SB, Intel, Telenor, E///, CHTTL, Nokia and ZTE) provided their comments on this thread. Out of them 16 companies supported the approval of the WID in RP-201961. Only 1 company raised concern for approving the WID. Their main arguments are: DL 1024QAM may not provide sufficient gain, it may be challenging for BS to meet TX EVM requirement, challenging for UE to achieve low UE Rx EVM to get high SINR needed for 1024QAM and it may lead to increase in UE power consumption. Then it is also suggested to specify DL 1024 QAM in NR in later release like it was specified for LTE. On the other hand supporting companies have identified several scenarios (low band, fixed wireless access, LOS environment, 2 Rx UE, low rank etc) where DL 1024QAM can lead to substantial gain and that UE power consumption is not main concern (e.g. fixed wireless). As stated in the WID, DL 1024QAM will be defined per band UE capability leaving more freedom to implement. In particular, several operators see the urgency of specifying DL 1024QAM in NR in Rel-16 as this feature already exists in other technologies including LTE. 
There is clearly very significant support especially among the operators for approving this WID. Due to such high industry interest, moderator recommendation is that this WID can be approved. But if still there is any concern to approve the WID then moderator recommendation would be to further discuss and resolve any controversy in the GTW session. 
2.3.1 Companies comments on moderator’s intermediate summary
	Company
	Comments

	Charter Communications Inc
	We agree with moderators recommendation to approve the WID

	T-Mobile USA
	We support the moderator’s recommendation to approve the WID. 

	Telstra
	We support the moderator’s intermediate summary recommendation to approve the WID

	KT
	Even if the use case DL1024QAM for NR seems very limited due to high required SINR (likely to be applied in CPEs and/or Mobile Hot Spot devices) it is very important for the industry that NR can support technology which can significantly improve DL peak data rate. Also this will give extra benfit to the marketing side on performance of 5G NR. We support the moderator's recommendation to approve the WID.

	Huawei
	We understand the demand from operators, but as given in the comments, there are some technical issues need to be addressed before having a better view of the WI scope and objectives. 
For the summary of “supporting companies have identified several scenarios (low band, fixed wireless access, LOS environment, 2 Rx UE, low rank etc) where DL 1024QAM can lead to substantial gain and that UE power consumption is not main concern (e.g. fixed wireless)”, in our understanding, the scope of the WI is limited to certain scenarios. In that case, we would like to have the scenarios clearly described in the WID and the requirements are specified for the certain scenarios: 1024 QAM requirements are specified for FWA UE with up to 2 layer DL MIMO for small cell scenario.
We cannot agree the current WID as it is. WID revision is needed to have more clear scope and objectives.

	AT&T
	We support the moderator’s recommendation to approve the WID.

	ZTE
	We agree with Moderator’s recommendation and support to approve this WID. In order to address the remaining concerns, the use of 1024QAM can be targeted only to some specific scenarios, i.e., FWA.


2.4 Summary after second round
The latest WID (RP-202013) discussed in this thread is supported by 29 companies. This include 17 supporting operators and several UE and network vendors. 
In the first round total 17 companies (HW, TMUS, Vz, QC, Charter, SS, Apple, KT, ATT, MTK, SB, Intel, Telenor, E///, CHTTL, Nokia and ZTE) provided their comments on this thread. Out of them 16 companies supported the approval of the original WID in RP-201961. Only 1 company raised concern for approving the WID. Their main arguments are: DL 1024QAM may not provide sufficient gain, it may be challenging for BS to meet TX EVM requirement, challenging for UE to achieve low UE Rx EVM to get high SINR needed for 1024QAM and it may lead to increase in UE power consumption. Then it is also suggested to specify DL 1024 QAM in NR in later release like it was specified for LTE. On the other hand supporting companies have identified several scenarios (low band, fixed wireless access, LOS environment, 2 Rx UE, low rank etc) where DL 1024QAM can lead to substantial gain and that UE power consumption is not main concern (e.g. fixed wireless). As stated in the WID, DL 1024QAM will be defined per band UE capability leaving more freedom to implement. In particular, several operators see the urgency of specifying DL 1024QAM in NR in Rel-16 as this feature already exists in other technologies including LTE. 
In the second round total 6 companies (TMUS, Telstra, KT, HW, ATT and ZTE) provided feedback on initial draft summary from moderator.  In the second round all except one company support the approval of the WID. However, one company wants to update the WID to narrow the scope of the requirements for limited scenario (FWA UE with up to 2 layer DL MIMO for small cell).
There is clearly very significant support especially among the operators for approving this WID. Due to such high industry interest, all companies agree that a WI on DL 1024 QAM in FR1 can be approved. However, there are two options:
· Option 1 (29 companies): Approved the current WID in RP-202013Note .
· Option 2 (HW): State in the WID: 1024 QAM requirements are specified for FWA UE with up to 2 layer DL MIMO for small cell scenario.
The 2 options are recommended to be discussed in GTW.
Note: Contents of WID in RP-202013 are the same as in RP-201961 except former has more supporting companies.
2.5 Scenarios for defining DL 1024QAM FR1 requirements
2.5.1 Options
Which of the following options for scenarios for defining requirements you prefer?
· Option 1: DL 1024 QAM FR1 requirements are specified for FWA UE with up to 2 layer DL MIMO for small cell scenario
· Option 2: DL 1024 QAM FR1 requirements are specified for low mobility scenarios with up to 2 layer DL MIMO
· Other options not precluded.
2.5.2 Companies’ views collected
Interested companies to indicate their preferred option(s) in section 2.6.1, any additional information, if needed, or indicate any modification to the wording.
	Company
	Comments

	AT&T
	Of the two options, we prefer Option 2.

However, we would tend to prefer the language modified to “DL 1024 QAM FR1 requirements are specified for wireless stationary scenarios with up to 2 layer DL MIMO”.

This would be in-line with the approach taken in LTE as wireless stationary scenarios typically include no mobility or very low mobility or nomadic mobility. Wireless stationary scenarios were also utilized for the RAN1 study for LTE.
We cannot agree to Option 1 as this would severely limit deployment scenarios and device types.

	Verizon
	We completely agree with AT&T, inclduing the suggested wording change. 
 From marketing and deployment perspective, we can not accept Option 1. It is materially restrictive and it is uncessary

	T-Mobile USA
	We agree with AT&T and Verizon. We can accept Option 2 or the change proposed by AT&T above. We could not accept Option 1 because we would be interested in 1024 QAM for FWA in the macro environment and for handheld devices in the small cell environment. 

	Telenor
	We agree with AT&T and Verizon and T-Mobile USA. We can accept option 2 or the wording proposed by AT&T. We cannot accept option 1 because we are interested in 1024 QAM for FWA in the macro environment. 

	Charter Communications Inc
	We agree with AT&T, Verizon, T-Mobile USA and Telenor.  We can accept option 2 or the change proposed by AT&T or maybe an additional tweak to say, “stationary wireless link scenarios” as someone pointed out to me that it reflects a similar wording for LTE.  Furthermore we agree that Option 1 is not acceptable to us as well for similar reasons as T-Mobile USA highlighted above.

	SoftBank
	We agree with the comment by AT&T and other operators. We want 1024QAM feature to be more useful considering the real use cases. 

	CHTTL
	We share the same view as T-mobile USA.

	Telstra
	We strongly agree with AT&T.

	Apple
	We are OK with operators’ preference to extend FWA to low mobility UE. 

	Huawei
	We disagree with the moderator’s proposal to further discuss the options after the Webinar meeting where agreement was reached. 
The option in the Webinar meeting was not proposed in the last minute. And the option 1 listed here is also based on the summary by the moderator. According to the comments in the two rounds, we see small cell scenario is a viable scenario, but for other scenarios, there are no solid justifications are provided so far from both performance gain and implementation feasibility. For LTE, the high order modulation (DL 256QAM) was initially studied from small cell scenario. 
Specifically, for 1024QAM, we need to consider EVM requirements for both BS and UE. For BS Tx EVM, with larger CBW as well as large frequency span of the operating band, the in-band flatness would be difficult to be guaranteed compared to that of LTE, and we know that even the group delay of the filter will have impact on the EVM requirement. The implementation capability of the EVM under these conditions have not be studied yet for BS and UE especially for such high order modulation scheme. It is worth noting that for LTE 1024QAM, the WI was started from the feasibility study for performance benefit as well as implementation evaluation. So we cannot take it for granted that what is feasible for LTE is also feasible for NR as well.
Since there are lots of aspects need to be studied, we worry about the big scope and should do the same exercise as for other WIDs. If the conclusion of the Webinar session is not followed, then we have to go back to the initial point to discuss the scope of the WI again. We cannot accept to override the conclusion reached already after two rounds of discussion.

	KT
	We prefer option-2 as the use case for DL1024QAM likely to include mobile hotspot devices which will require low mobility.

	QC
	We support option 2 or the AT&T proposed edit. The limitation to FWA is somewhat artificial.

	Turkcell
	We prefer ‘Option 2’ between alternatives. Turkcell supports proposal of AT&T and other operators. We should change the wording of ‘Option 2’. Turkcell can not accept ‘Option 1’

	Intel
	We support option 2. There is no specific FWA terms in RAN1 FR1 specs.

	CMCC
	We agree with most companies that limitation to FWA is not necessary. If some restriction on scenario is needed, we can keep small cell scenario. Also considering the proposal of AT&T, we propose following modified option2.  
Option 2: DL 1024 QAM FR1 requirements are specified for low mobility scenarios with up to 2 layer DL MIMO for wireless stationary small cell scenario.

	CATT
	We also prefer to focus on the small cell scenario which is more attractive in utilizing this feature. For macro BS deployment, the implementation complexity and benefits brought by 1024QAM need to be well understood since NR is a different system than LTE. Given the limited TU budget, we propose to include small cell scenario for the first step.
The proposal from CMCC seems a good compromise that can address the concerns from different companies. 

	ZTE
	We think that at first we can focus on works for specifying DL 1024QAM demodulation requirements for FWA scenario, and after the completion of the works, we can start work on other scenarios with best efforts within Rel-17 timeline. Considering the strong concerns on Option 1, we also suggest to revise Option 1 by removing “for small cell scenario” as:
· Option 1: DL 1024 QAM FR1 requirements are specified for FWA UE with up to 2 layer DL MIMO for small cell scenario


	China Unicom
	In addition to the option 2 proposed by CMCC, we would like to include FWA scenario. For the low mobility scenario, the mobility speed needs to be studied first to support 1024 QAM for the DL. We suggest to add a note for option 2.

Option 2: DL 1024 QAM FR1 requirements are specified for FWA and low mobility scenarios with up to 2 layer DL MIMO for wireless stationary small cell scenario.

Note: For the low mobility scenario, the mobility speed needs to be studied first to support 1024 QAM for the DL.

	OPPO
	We support this WI and we understand the interest of applying 1024QAM to all UEs in all possible scenarios, however, we tend to agree with ZTE that it may be more focus to define 1024QAM for FWA UEs as a start. The feasibility of cell phone needs further study even we understand 1024QAM has been introduced in LTE but considering the higher frequency and larger BW, to keep same SNR will be more challenging.

Regarding the small cell scenario, from limiting scope point of view, it is desired to focus on the scenario where 1024QAM is most likely to be used. And after that more scenarios can be considered in future releases. Therefore, we prefer the small cell scenario to be focused in Rel-17 to make RAN4 less overloaded as other WI/SI is doing.

	BT
	We support option 2, as we believe that this should not be limited to small cell scenarios.

	Vivo
	Also prefer ZTE’s proposal to keep FWA UE type as a restriction but not limited to small cell. Considering “stationary scenario” may also be another way.

	DISH
	We agree with AT&T.

	T-Mobile USA
	In response to Huawei and CMCC: Previous versions of the WID said “such as small cell” which meant that small cells were an example. The version shown the GTW session Wednesday (Option 1 above) did not say “such as” anymore, so that was a significant change. 

The new proposal for 1024 QAM was discussed very quickly and it was the first time that we saw the new wording. We had to check internally if we could accept a restriction to small cells only, and our network team said that we could not. T-Mobile USA mentioned small cells as an example in Round 1, but did not mean for that to be the only scenario. 

If some gNB vendors feel that 1024 QAM is not practical for the macro environment, then they can choose to not implement it. 

As for LTE, the TR for LTE does not mention small cells. 36.783 says “The work item aims to define enhancements for high capacity wireless connections in stationary links.” The LTE 1024 QAM WID justification includes “communications to LOON” which would obviously not be a small. The key here is line of site and stationary channels. That is why we would be OK with AT&T’s proposal to use “wirelesss stationary scenarios.” As for wide channel BWs of NR, in 802.11ax 1024 QAM is mandatory and channels up to 160 MHz are supported. 

	Ericsson
	Regarding ‘small cell’, we think the small cell is the deployment scenario, but it is not related to BS classes/types. For example, even wide area BS could be used as ‘small cell’ deployment if it limits the transmission power. Therefore we would like to avoid to limit to the small cell, as ZTE proposed. 
Regarding the comment from China Unicom, the actual mobility speed / Doppler should be discussed in RAN4 performance part, and it is what we have done in 3GPP. 

Some companies prefer to consider FWA UEs in the scope. However FWA is not UE capability. DL 1024QAM will be defined as per-band capability as mentioned in the objective so UE vendor has freedom to focus on FWA UEs when they design the chipset/device.
Note: DL PDSCH 1024QAM for FR1 should be defined as a per-band UE capability

Therefore we don’t need to limit to ‘FWA UE’ in the WID.

Considering the comments by companies, we propose to revise option 2 as follow:

Option 2: DL 1024 QAM FR1 requirements are specified for low mobility scenarios with up to 2 layer DL MIMO for stationary wireless devices.

We should note that the revised Option 2 includes ‘small cell scenario’ and ‘FWA UEs’.

	MTK
	We support the WI. We prefer to make FWA as a baseline and low mobility UE as a stretch goal. We think some feasibility study in RAN4 is needed on low mobility (and how low it is). We should leave this technical part to WG-level discussion, rather than decide it here.


2.6. Summary on scenarios for requirements after finetuning round

In total 24 companies provided their input on this issue during the finetuning phase. 
On MIMO aspects: There is complete consensus to define requirements for up to 2 layer DL MIMO. 
On UE mobility aspects: There is no objection on defining requirements for wireless stationary scenarios or wireless stationary links (as indicated by some companies). Most companies prefer to use ‘wireless stationary scenarios or links' in the note to avoid any deployment limitation. However, few companies prefer to use the term FWA to strictly limit the use of DL 1024 QAM for FWA. 
On deployment scenario: Most companies do not want to limit the requirements in small cells arguing that even wide area BS can be used in small cell. But some companies want to limit requirements to small cell deployment arguing DL 1024QAM is more suitable in small cell.
Based on the above discussion moderator recommends the following notes or sub-bullets are to be added in the core and performance parts of the WID:
· Note 1: DL 1024 QAM FR1 requirements are specified for wireless stationary scenarios with up to 2 layer DL MIMO
· Note 2: The cell size(s) and type of stationary wireless scenarios for which UE and BS RF core requirements are defined will be studied and decided by RAN4.
The recommended note does not limit operators’ deployment and does not put any implementation restriction since DL 1024 QAM in FR1 will be UE capability per band and an implementation choice for the BS.
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