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1 [bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
It is commonly understood that the maximum data rate which UE supports is determined by the supported maximum data rate defined in subclause 4.1.2 of TS 38.306 [1], at both physical layer and high layer. For example, at the physical layer, the following statements in subclause 5.1.3 of TS 38.214 [2] determine the maximum amount of data required UE to be handled per cell group or per cell respectively. 
	Within a cell group, a UE is not required to handle PDSCH(s) transmissions in slot sj in serving cell-j, and for j = 0,1,2.. J-1, slot sj overlapping with any given point in time, if the following condition is not satisfied at that point in time: 

where, 
-	J is the number of configured serving cells belonging to a frequency range
-	for the j-th serving cell,
-	M is the number of TB(s) transmitted in slot sj.
-	Tslot(j) =10-3/2(j), where (j) is the numerology for PDSCH(s) in slot sj of the j-th serving cell. 
-	for the m-th TB, 
-	A is the number of bits in the transport block as defined in Subclause 7.2.1 [5, TS 38.212] 
-	C is the total number of code blocks for the transport block defined in Subclause 5.2.2 [5, TS 38.212].
-	 is the number of scheduled code blocks for the transport block as defined in Subclause 5.4.2.1 [5, TS 38.212] 
-	 [Mbps] is computed as the maximum data rate summed over all the carriers in the frequency range for any signaled band combination and feature set consistent with the configured servings cells, where the data rate value is given by the formula in Subclause 4.1.2 in [13, TS 38.306], including the scaling factor f(i).
For a j-th serving cell, if higher layer parameter processingType2Enabled of PDSCH-ServingCellConfig is configured for the serving cell and set to enable, or if at least one IMCS > W for a PDSCH, where W = 28 for MCS tables 5.1.3.1-1 and 5.1.3.1-3, and W = 27 for MCS table 5.1.3.1-2, the UE is not required to handle PDSCH transmissions, if the following condition is not satisfied:

where
-	is the number of symbols assigned to the PDSCH
-	M is the number of TB(s) in the PDSCH
-	 where  is the numerology of the PDSCH 
-	for the m-th TB, 
-	A is the number of bits in the transport block as defined in Subclause 7.2.1 [5, TS 38.212] 
-	C is the total number of code blocks for the transport block defined in Subclause 5.2.2 [5, TS 38.212]
-	 is the number of scheduled code blocks for the transport block as defined in Subclause 5.4.2.1 [5, TS 38.212] 
-	 [Mbps] is computed as the maximum data rate for a carrier in the frequency band of the serving cell for any signaled band combination and feature set consistent with the serving cell, where the data rate value is given by the formula in Subclause 4.1.2 in [13, TS 38.306], including the scaling factor f(i).




The successful decoded TB will be sent to high layer for further processing. It is common understanding that high layer capabilities pipeline, including buffer size, processing capability, bus capacity, etc., are also designed based on the maximum supported data rate defined in subclause 4.1.2 of TS 38.306 [1]. However, when CBG based retransmission is scheduled, the amount of data delivered to high layer may exceed the maximum data rate. This issue was discussed in [3] at RAN1 #97 [4]. Companies thought it was too late for Rel-15 even though the scenarios described in [3] can happen. So if this issue happens, it is up to UE implementation, for example, UE may have to drop correctly decoded TB(s) during peak data rate reception and the performance will be degraded accordingly.

	Conclusion:
· The scenario described in the draft CR (R1-1907505) can happen but can be handled via implementation in which case the UE performance may not be optimal




This contribution provides some further analysis on this issue. Considering the effect to peak data rate and system efficiency, we propose to solve this issue in Rel-16.

2 Discussion 
For CBG-based retransmission, gNB can schedule unsuccessfully decoded CBG(s) to the UE. While at UE side, UE only need to decode the retransmitted CBG(s). Assuming two CBGs are configured in Figure 1 below, in slot n, TB0 is received at UE side with decoding failure for CBG1. In slot n+3, CBG1 of TB0 is retransmitted and a new TB is also scheduled by a separate DCI, TB1 in the same slot. At physical layer, both CBG1 of TB0 and TB1 are correctly decoded and sent to high layer. That means, UE needs to handle the amount of data of TB0 and TB1 at corresponding processing time to physical layer slot n+3. Assume UE is under peak data rate test, TB0 and TB1 are scheduled with full channel bandwidth, highest code rate, highest number of layer, and highest modulation order, to not block the pipeline, UE needs to increase its high layer memory and processing capability 1.5 times than those of non-CBG based retransmission. 
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Figure 2-1. One CBG based retransmission example
For one typical slot configuration such as DDDSUDDDSU, if there are two CBGs from different TBs are not decoded correctly, and retransmission of these two CBGs are in the same slot as shown below, UE needs to increase its high layer memory and processing capability two times than expected to not block the processing pipeline. 

[image: ]
Figure 2-2 One CBG based retransmission example for slot configuration DDDSU
Even though we can reduce the overload by setting some scheduling limitation, such as, only one CBG retransmission is allowed in one slot as shown in below figure, UE still needs to increase its high layer capability 1.5 times than non-CBG based retransmission to not block the processing pipeline. 
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Figure 2-3 One CBG based retransmission example for slot configuration DDDSU

If the number of CBGs is 8, then UE needs to increase its capability 7 times than CBG is disabled if all unsuccessfully decoded CBGs are retransmitted in one slot assuming the maximum number of DL TB per slot is 7.  For this case, if only one CBG retransmission is allowed per slot, UE also needs to increase its capability 1.875 times than non-CBG based retransmission. 
Observation 1: In the worst case, CBG based retransmission may require UE to increase its high layer capability about 1.5 to 7 times than non-CBG based retransmission. 
As discussed in RAN1 #97, enforcing UE to increase its high layer capability more than non-CBG based retransmission is not the intention of CBG design. So the conclusion made in RAN1 #97 is that it is up to UE implementation. For example, UE can discard one TB0 or TB1 in Figure 2-1. If UE discard TB0, this makes physical layer retransmission totally useless. If UE discard TB1, then retransmission for TB1 will be needed, which may cause additional drop operation in the following retransmission. 
It should be noted that this is not a corner case, since the typical use case for CBG based retransmission is higher data rate traffic. For eMBB, target BLER is usually set to 10%. Assume the number of CBGs is two. The average BLER of CBG is 5%. The TB dropping occurs once per 7.5ms for 30kHz SCS. This leads to 10% system efficiency loss and the achievable peak data rate drops to 90% of that of non-CBG based retransmission. 
There are three options to solve this issue.
Option 1: Change  to   in for DataRate calculation and DataRateCC calculation in subcluase 5.1.3 and 6.1.4 of TS 38.214 as described in R1-1907505. 
Option 2: When CBG based retransmission is enabled, only one unicast PDSCH is scheduled per slot.
Option 3: UE reports newtork that when CBG based retransmission is configured for a cell, whether UE supports more than one unicast PDSCH reception per slot on this cell.
All options limit the maximum number of bits per slot counted by TB not beyond maximum TB size. Option 2 and 3 have less effect on implementation. We propose to take option 3 to solve this issue for simplicity even though option 1 is more flexible.
Proposal 1: Introduce a new UE capability in Rel-16 to indicate when CBG based retransmission is configured for a cell, whether UE supports more than one unicast PDSCH reception per slot on this cell. 
Following proposal 1, if when CBG based retransmission is configured for a cell, UE cannot support more than one unicast PDSCH reception per slot. Then network can schedule only one PDSCH per slot. Network can schedule other UEs on the remaining resource in the retransmission slot as shown below. So the resource waste can be avoided. However, the actual maximum data rate at the UE is still 90% of that of non-CBG based scheduling assuming .
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Figure 4 An example of one TB per slot scheduling for CBG based retransmission

3 Conclusions
In this contribution, the issue on CBG based retransmission is analyzed. Two observations are made:
Observation 1: In the worst case, CBG based retransmission may require UE to increase its high layer capability about 1.5 to 7 times than non-CBG based retransmission. 
Considering this issue may hurt system performance significantly, we make the following proposal.
Proposal 1: Introduce a new UE capability in Rel-16 to indicate when CBG based retransmission is configured for a cell, whether UE supports more than one unicast PDSCH reception per slot on this cell. 
	Index
	Feature group
	Components
	Notes
	Mandatory/Optional

	[22]-1
	Simultaneously enable CBG and multiple PDSCHs per slot
	Simultaneously enable CBG and multiple PDSCHs per slot
	This feature will reported to the network when UE support multiple PDSCHs reception when CBG based retransmission is configured.
	Optional with capability signaling
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