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1. Introduction
[bookmark: _GoBack]The introduction of 1024 QAM to NR was identified as one of the Rel-17 NR topics, according to the RAN chairman guidance indicated in RP-191551 (slide #9)[1]. However, 1024QAM is not part of work areas requiring explicit email discussion. This paper provides our views to the potential impacts of introduction of 1024QAM. 
2. Discussion
There are several plenary contributions [5][6][7] to discuss 1024QAM as Rel-17 NR WID topic, mainly focusing on the use cases of IAB backhaul link and CPE link. The required enhancements are identified as following. 
· Specify the 1024QAM constellation as specified in E-UTRA for DL PDSCH [RAN1]
· Specify corresponding MCS and CQI signalling [RAN1]
· Specify corresponding RRC signalling and UE capability [RAN2]
· Specify corresponding RRM and RF core requirements [RAN4]
· Specify corresponding UE demodulation and CSI feedback requirements [RAN4]
In our views, the above enhancements are necessary but still not enough for the introduction of 1024QAM. In fact, the introduction of 1024QAM would bring more workloads as described in following sections. 
2.1 RF impairment for 1024QAM
RF impairments include IQ imbalance, phase noise, frequency offset and power non-linearity, which can lead to seriously negative influence upon demodulation performance. According to RAN4 #68 conclusion, transmitter EVM for 256QAM can be modeled as an AWGN component, and applicable Rx impairments can also be modeled by an equivalent AWGN component at the receiver. In our view this modelling assumption could be too simple to be accurate because the RF impairments could have the characteristics of multiplicative noise in addition to the additive noise. TX EVM and RX EVM have been assumed and given by RAN4 to indicate TX and RX RF impairment for 256QAM and 1024QAM in LTE. TX EVM, RX EVM and interference degrade performance gain of 1024QAM over 256QAM obviously. Because the frequency carriers of 5G NR can be much different from those of 4G LTE, it is suggested that RAN4 needs to assume new TX EVM range and RX EVM range for NR 1024QAM.  In LTE discussion, some contributions (e.g., [4]) have shown that 1024QAM doesn’t provide performance improvement over 256QAM under the practical TX EVM and RX EVM. 
Observation 1: TX EVM, RX EVM and interference degrade performance gain of 1024QAM comparing to 256QAM.
Observation 2: It needs further study whether current modeling with TX/RX EVM based on additive noise can comply with the practical EVM also containing multiplicative noise.
Observation 3: If LTE TX/RX EVM modeling is determined reusable for 1024QAM in NR, RAN4 may still need to provide new TX/RX EVM ranges for NR 1024QAM at least for the NR carriers that are much different from LTE ones.
Observation 4: Sufficient evaluations are needed to check whether NR 1024QAM can provide performance improvement over NR 256QAM under the practical TX EVM and RX EVM.
2.2 Uncertain performance for LDPC+1024QAM
During the Rel-15 NR channel coding discussion and evaluation, the combination of LDPC and 1024QAM was never used and considered. Therefore the performance of LDPC+1024QAM remains unclear. 
If 1024QAM is to be introduced to work with NR LDPC, which has 8 PCMs (Parity Check Matrices) for BG1 and 8 PCMs for BG2, a large amount of complete simulations are needed to verify whether each of 16 PCMs can work well together with 1024QAM based on different channel conditions, MCSs, TBS, BG’s and (re)transmission numbers. 
Therefore, although 256QAM CQI/MCS table of NR LDPC coding reused 256QAM CQI/MCS table of LTE Turbo coding, it is doubtful that the similar CQI/MCS table reuse can apply to 1024QAM, because the performance of NR LDPC+1024QAM is never completely evaluated and the highest code rates are different between NR LDPC coding (around 0.95 or even 0.97) and LTE turbo coding (around 0.93).
Observation 5: Because LDPC+1024QAM was never completely evaluated in Rel-15 NR channel coding, 
· The performance of LDPC+1024QAM remains unclear. 
· It is also unclear whether 1024QAM CQI/MCS table for LTE Turbo coding can be reused for NR LDPC, given the different highest code rates between NR LDPC coding (around 0.95 or even 0.97) and LTE turbo coding (around 0.93)
Observation 6: Sufficient evaluations are needed to check whether different BGs or different PCMs of NR LDPC can work well with 1024QAM under the conditions of different channel models, MCSs, TBS and etc.
2.3 The challenge to LDPC interleaver of X-Gbps baseband hardware
In Rel-15 NR channel coding (TS38.212, clause 5.4.2.2), a channel interleaver is introduced to improve the performance of LDPC coding with high order modulation [8][9][10][11]. The channel interleaver is typically designed to solve two problems: burst errors caused by frequency selectivity and fast fading, and unequal bit energy allocation due to high order modulation. The latter one is due to the fact that the reliability of each bit is different according to its position in the constellation of higher-order modulation. Within Gray mapping, an M-ary QAM symbol comprises of different levels of reliability for mapped bits. For example, the number of different reliability levels is 3 in 64QAM and 4 in 256-QAM. Due to unequal amplitude of demodulated LLRs for 16QAM/64QAM/256QAM, it is necessary to consider a bit interleaving scheme for high order modulation to enhance the performance for LDPC code. An example of interleaving scheme for 256QAM is explained as following. 
As shown in Figure 1, the 8 mapped bits (indexed from 0 to 7) of one 256QAM constellation point are divided into 4 groups in such a way that group-i (0≤i<4) contains 2i-th bit and (2i+1)-th bit. The demodulated LLR goes from highest reliability in group-0 down to the lowest reliability in group-3, decreasing as group index i increments. Such bit grouping applies to all bits, resulting in a stream of 256QAM symbols. Then it is widely recognized to be beneficial to reorder the systematic bits into the high reliability LLRs modulation bits. Such a reordering or interleaving is known as “systematic bits priority order interleaving” or “bit priority mapping (BPM)”. The same BPM principle can also be applied to 16QAM and 64QAM.


Figure 1 BPM for 256QAM


The BPM bits interleaving scheme can be achieved by block (or rectangular) interleaver of size , as shown in Figure 2. The number of rows for block interleaver (Rsubblock) is determined by the modulation order, such as 4 for 16QAM, 6 for 64QAM and 8 for 256QAM. The number of columns (Csubblock) is obtained as, wherein N is the input bits length. The data stream is written into the interleaver row by row, and read out of the interleaver column by column, starting from the first column, as illustrated in Figure 2. 


Figure 2 BPM with block interleaver
To take 1024QAM into account for 5G NR, if LDPC interleaver should match 1024QAM, it means the hardware of LDPC interleaver may need to be extended to support 10 rows in the block interleaver; otherwise, performance loss could occur upon all transmissions using 1024QAM.
Observation 7: With the introduction of 1024QAM to NR, 
· RAN1 may need to decide whether to use the 1024QAM interleaver, which may lead to the change of X-Gbps baseband hardware, or not to use interleaver for 1024QAM, which may result in performance loss.  
· Quite an amount of evaluations are needed to validate above decision.
2.4 Overall view to 1024QAM in Rel-17
It is already shown in this paper that the introduction of 1024QAM could require quite a lot of work behind working group meeting discussion. Those work not only includes the massive evaluations, but also the potential hardware modification and implementation testing. The new UE classes and new UE capabilities based on new peak data rate and potentially new UE soft buffer size should be also covered by the working groups and even on plenary level. With all these complexity in mind, it is meanwhile not clear how 1024QAM could benefit Rel-17 NR, given the following facts. 
· Due to high EVM and need of high SNR, the benefit of 1024QAM on Uu interface (especially with moving UEs) is very limited; 
· IAB and CPE can possibly be the valid use cases for 1024QAM; however, it is already determined in RAN1 that 1024QAM is not essential for IAB.
Proposal 1: 1024QAM is not a prioritized item in Rel-17 NR.  
3. Conclusions 
In this contribution, we give our views on 1024QAM in Rel-17, and come up with the following observations. 
Observation 1: TX EVM, RX EVM and interference degrade performance gain of 1024QAM comparing to 256QAM.
Observation 2: It needs further study whether current modeling with TX/RX EVM based on additive noise can comply with the practical EVM also containing multiplicative noise.
Observation 3: If LTE TX/RX EVM modeling is determined reusable for 1024QAM in NR, RAN4 may still need to provide new TX/RX EVM ranges for NR 1024QAM at least for the NR carriers that are much different from LTE ones.
Observation 4: Sufficient evaluations are needed to check whether NR 1024QAM can provide performance improvement over NR 256QAM under the practical TX EVM and RX EVM.
Observation 5: Because LDPC+1024QAM was never completely evaluated in Rel-15 NR channel coding, 
· The performance of LDPC+1024QAM remains unclear. 
· It is also unclear whether 1024QAM CQI/MCS table for LTE Turbo coding can be reused for NR LDPC, given the different highest code rates between NR LDPC coding (around 0.95 or even 0.97) and LTE turbo coding (around 0.93)
Observation 6: Sufficient evaluations are needed to check whether different BGs or different PCMs of NR LDPC can work well with 1024QAM under the conditions of different channel models, MCSs, TBS and etc.
Observation 7: With the introduction of 1024QAM to NR, 
· RAN1 may need to decide whether to use the 1024QAM interleaver, which may lead to the change of X-Gbps baseband hardware, or not to use interleaver for 1024QAM, which may result in performance loss.  
· Quite an amount of evaluations are needed to validate above decision.

With above observations, considering the complexity and benefits of 1024QAM, we propose that
Proposal 1: 1024QAM is not a prioritized item in Rel-17 NR.   
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