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1. Introduction
 In RAN1#AH3, RAN1 sent an LS reply to RAN2’s LS on UE categories and capabilities [4]. We discuss some related aspects in this document with respect to the RAN LS to RAN1 [2]. In last RAN1 meeting, the following decisions were made with respect to the UE categories and capabilities discussion. 

Agreement: 
· Agree in principle to define a simple formula to send to RAN plenary to derive approximate maximum data rates, based on at least max TBS (normalised to a particular unit of time). Check details until RAN1#91, including identifying exactly which parameters should be included in the formula. 
Conclusions: 
· Continue discussion on any RAN1-specific aspects (e.g. where UE’s peak rate may be lower than the calculated peak rate, and any relation to soft buffer sizes) at RAN1#91. 
· Other aspects should be left to RAN2. 


Then, the following three LSes were received : 
R1-1719460 LS on UE baseband processing capability	RAN2, NTT DOCOMO	LS in
R1-1719307 LS on formula or table for L1 data rate	RAN2, Ericsson	LS in
R1-1719309 LS on UE RF related parameters, capabilities and features for NR	RAN2, NTT DOCOMO	LS in
R1-1719332 LS reply on NR UE baseband capabilities signalling	RAN4, Intel	LS in

2. Discussion on peak rate
Peak rate can be derived based on peak TBS, which in itself may be based on the TBS determination procedure, which occurs in two step: estimated number of information bits calculation, followed by final TBS determination. 
· Estimated number of information bits calculation is shown in the following formula (form RAN1#90bis) : 


·  is the number of layers, 
·  is the modulation order, obtained from the MCS index
·  is the code rate, obtained from the MCS index
·  is number of resource elements
·  = Y * #PRBs_scheduled 
· Final TBS determination 
· 
This estimated value (Iest) is further adjusted to obtain the final TBS, which are described below. The number of code blocks would be given by , and with byte alignment the total transport block size together with all CRC (code block and transport block) included will be given by :

.
· Note that in this case we are assuming the peak TBS corresponds to the case where there is more than 1 code block and for LDPC base graph 1.

Peak data rate based on detailed assumptions including max PRBs
Peak data rate can be derived from peak TBS for a given configuration (CC BW, SCS, modulation, rate). The maximum allocable values for each of the parameters are to be determined based on signaled configuration parameters from BPC and band/band combination signaling (such as modulation order, maximum PRBs scheduled, number of layers) and assumptions on the control/DMRS overhead (i.e. to obtain Ymax) and maximum rate supported at the modulation order (reflected in rate R). 
For Type 1 DMRS, the following table shows the possible value for Y (number of REs per PRB).
	Layers
	1
	2
	4
	8

	DMRS overhead per  PRB
	6
	6
	12
	24

	PDSCH occupies l=14 symbols
	162
	162
	156
	144

	PDSCH occupies l=13 symbols
	150
	150
	144
	132






Based on the above it seems one single number may not be the best choice, especially if the peak data rate is to be accurately captured in the spec. But, 144 seems a reasonable number to assume for Ymax.
Then, the maximum code rate could be Rmax = 0.935, slightly better than LTE max SE (or LTE’s skip decoding threshold)
For number of PRBs scheduled, while RAN1 spec supports up to 275 PRBs, the maximum number of allocable PRBs would be based on the bandwidth occupancy that RAN4 has agreed to and it depends on frequency range (Below 6 GHz and above 6 GHz), CC bandwidth and SCS. For example, for Below 6 GHz, @30 kHz SCS, maximum BW of 100 MHz corresponds to 273 RBs. 
	 Scenario
	BW (MHz)
	RBs
	peak TBS+CRC
	slot (ms)
	Data rate (Gbps)

	Below 6 GHz, @30 kHz SCS, 4-layers
	100
	273
	1231248
	0.5
	2.462496

	Above 6 GHz, @60 kHz SCS, 2-layers
	200
	264
	615656
	0.25
	2.462624



Refined data rate is given by the following where Iest is based on the max TBS (assuming a 1 ms duration) which is appropriately scaled based on the CC bandwidth. Alt 1 : Maximum Data Rate based on TBS calculation








where TBSCC is obtained for each carrier using the formula , where  and ,  gives the maximum number of layers,  modulation order (QPSK=2, 16QAM=4, 64QAM=6 and 256QAM=8) and  is the CC BW. f denotes a scaling factor for the case that UE’s peak rate may be lower than the total sum of aggregated peak rate.


Approximate peak data rate
If  RAN and RAN2 need only an approximate formula for data, then a simple formula as given in [1] is fine for us, with slight adjustment as shown below assuming 2 OFDM symbols of overhead and 96% BW occupancy (to align with above TBS calculation), though we think RAN1 can agree to the details of overhead assumptions. 
 [bookmark: _Hlk494535395]Alt 2: Approximate maximum Data Rate 





Wherein the summation is performed over over all aggregated carriers, with corresponding values for each of the aggregated carriers -   is the maximum number of layers,  modulation order (QPSK=2, 16QAM=4, 64QAM=6 and 256QAM=8) and  the amount of spectrum for the CC in MHz. f denotes a scaling factor for the case that UE’s peak rate may be lower than the total sum of aggregated peak rate. The corresponding formula will give the data rate in Mbps.

Proposal 1: RAN1 should discuss and agree on the formula for maximum data rate based on the sum of aggregated data rate (across CCs) from one of the following two alternatives (listed in the document). 
· Alt 1 : Maximum Data Rate based on TBS calculation
· Alt 2: Approximate Maximum Data Rate 

3. Discussion on capability signaling
We discuss three aspects here – modulation order, MIMO layer signalling and a scaling factor for peak data rate.


Modulation order 
In LTE, modulation order is indicated per UE because it is considered as pure baseband capability. Though, signaling structure for reporting LTE DL 256QAM capability is based on per-band / per-band combination, for future consideration (i.e. setting all support for all BCs, if supported). For NR, RAN2 has agreed that modulation order is in included in the BPC (Baseband Processing Capability), where it is further to be discussed whether modulation order in BPC is defined per CC or not. For NR and the case where UE supports a peak data rate at least equal to the derived data rate based on signalled band combinations and baseband capabilities, the modulation order in BPC should have dependency on the band/band combination. Otherwise, if UE is not capable of accommodating hardware/dimensioning for the given data rate but UE is able to support all higher modulation order (e.g. 256QAM), UE has to report less capabilities (i.e. reporting 64QAM although the UE is able to support 256QAM). Moreover, the supported modulation order can be different depending on carrier frequency due to different RF characteristics. Thus, it is desirable to further include modulation order per CC in BPC. This can be achieved by following proposal though RAN2 can work on detailed signalling aspects. 
Proposal 2: Modulation order per CC in BPC should have dependency on the band/band combination.
MIMO layer signalling 
RAN2 has sent an LS to RAN1 asking for classification for Layer-1 signaling into different types (R1-1719460) – see Annex A. While RAN4 would be providing feedback on the RAN2 agreements and working assumptions with regards to MIMO capability, in our understanding the number of supported MIMO layers depends on the frequency band, which would be aligned with the RAN2 agreement of “MIMO layers capability will be signaled with per band granularity”. Moreover, indicating MIMO layer capability per-CC as part of BPC would allow UE to signal different combinations of number of support layers and BW per CC which would provide some level of flexibility to the UE. However, we think also, that MIMO layer support should have a dependency on per-CC per band combination as the number of support MIMO layers could vary for different band combinations, e.g. based on whether the band combination includes inter-band / intra-band non-contiguous / intra-band contiguous CCs. In absence of dependency of MIMO layers on band combination, UE may end up having to reduce the number of supported layers in BPC signaling, resulting in reduced peak data rates.
While details are to be discussed in RAN4, we would like to highlight that this is a potential issue that can potentially also affect type classification exercise in RAN1 with respect to layer-1 features. Therefore, we would like to propose the following.
Proposal 3: Signaling should allow indication of MIMO layers support on per-CC per-band combination.
Peak data calculation and scaling factor (f)
In the LS reply to RAN2’s LS, RAN1 mentioned that an explicitly signalled UE category (for NR and NR-NR DC and MR-DC) is not required if the UE supports a peak data rate at least being equal to the derived data rate based on signalled band combinations and baseband capabilities. This indicates that if there are cases where the UE supports a lower peak rate than the peak rate from band combination and baseband capability, then there would be a need to explicitly indicate the peak rate supported by the UE. This may be done by explicit signalling of actual peak data rate, or similar mechanisms, such as indicating the supported peak rate in the baseband capabilities. 
We see benefits in allowing some level of decoupling of peak data rate in baseband processing and derived peak data rate from band combination/baseband capabilities. A peak rate supported by a UE can be lower than the peak data rate derived based on band combination and baseband capability. For example, the peak data rate based on certain band combination/baseband capabilities may be achievable in very ideal scenarios. There can be cases where a UE support of a lower peak data rate (than the calculated peak data rate) would be beneficial in cases where it can provide benefit to the network in terms of increased system-level performance, such as increased peak data rate from network perspective.  
In other cases, similar level of throughput (as derived peak rate from a band combination/baseband capabilities) can be achievable without requiring such ideal scenario for example if the number of carriers is increased or BW is increased even without higher MIMO and high modulation although the UE can support higher MIMO and higher modulation. In this case, the target data rate in baseband processing doesn’t need to support the peak data rate calculated from band combination/baseband capabilities. 
Following table shows an example where a scaling factor (f) is included and which allows actual peak rate actual peak rate is determined from calculated peak rate and scaling factor. Note that in cases where there is f=1, the actual peak rate can be determined form the calculated peak rate from the band combination and baseband capability signaling. 
Table 1. Illustration of actual peak rate determination from calculated peak rate and signaled peak rate.
	5carriers, Scenario
	Calculated Peak Rate w/o scaling factor(Gbps)
	Scaling factor (f)
	Actual Peak Rate (Gbps)

	4x4 MIMO 256QAM
	2
	0.75
	1.5 

	4*4MIMO 64QAM
	1.5
	1
	1.5

	2*2MIMO 256QAM
	1
	1
	1

	2x2 MIMO 64QAM
	0.75
	1
	0.75



Therefore, we propose that a scaling factor be introduced in BPC to allow UE to support a lower peak rate than the peak rate calculated from band combination and baseband capability. We think at least a scaling factor of f = 0.75 can be included, in addition to the f=1 case which is anyways supported by default.  
Proposal 4: Actual peak data rate is determined based on the sum of aggregated data rate (across CCs) and an associated scaling factor (f) included in the BPC.
· At least f = 0.75 and f = 1 is supported. Additional values FFS.
4. Proposals
We propose the following with respect to UE category/capability signaling. 
Proposal 1: RAN1 should discuss and agree on the formula for maximum data rate based on the sum of aggregated data rate (across CCs) from one of the following two alternatives (listed in the document). 
· Alt 1 : Maximum Data Rate based on TBS calculation
· Alt 2: Approximate Maximum Data Rate 
[bookmark: _GoBack]
Proposal 2: Modulation order in BPC should have dependency on the band/band combination.
Proposal 3: Signaling should allow indication of MIMO layers support on per-band combination.
Proposal 4: Actual peak data rate is determined based on the sum of aggregated data rate (across CCs) and an associated scaling factor (f) included in the BPC.
· At least f = 0.75 and f = 1 is supported. Additional values FFS.
5. References
[1] R1-1715361	LS on UE categories and capabilities	RAN2, Ericsson
[2] R1-1716676 (RP-172113)	LS from RANP
[3] R1-1716963 Reply LS to RAN2 for NR UE categories and UE capabilities	RAN4, Ericsson
[4] R1-1716924, LS from RAN1 to RAN2, RAN1#AH3, Sep 2017
[5] R1-1719307 (R2-1712026), LS from RAN2 to RAN1 on table or formula for L1 data rate

Annex ARAN2 would like to inform of the further decision made at RAN2 #99bis as shown below:

	Agreements:
1. UE can report the number of MIMO layers per band.
2. The concept of baseband capability combination is applied at least for the LTE part of MR-DC. The fallback mechanism similar to Rel-14 LTE CA is considered for the baseband processing combination signaling. Details are FFS.

Working assumptions:
1. The UE reports the MIMO capability per CC as part of the baseband processing capabilities.
2. The MIMO capability is not included in the band combination signalling.

Besides that, RAN2 is aware that RAN1 has been doing an exercise to develop the Layer-1 UE feature list for NR. To define proper capability signaling for each Layer-1 feature, it is helpful from RAN2 point of view if the Layer-1 features can be classified into the following types:

	Type 1:	Layer-1 features relevant to RF characteristics
· They are reported per band (not per band combination).
Type 2:	Layer-1 features that influence baseband processing when UE is configured with NR CA/MR-DC/SUL
· They are reported in the baseband capability combination signaling.
Type 3;	Layer-1 features having both Type 1 and Type 2 characteristics (like the MIMO capability and the other LTE UE capabilities included per band in the band combination or per band combination)
· It is noted that for type-3 features RAN2 aims to follow the above agreements and working assumptions made for the MIMO capability.
Type 4:	Layer-1 features independent from the other features and not categorized into any of the above types
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