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1 Introduction
In RAN1 #89 meeting [1], RAN1 made the following agreements on UE soft buffer dimensioning:
· A set of reference parameters is used for the purpose of soft buffer dimensioning

· A reference set of parameters includes at least DL HARQ RTT [Y ms] and data rate(s) of X Gbps 

· FFS: values of X and Y

· FFS: other conditions
· This does not imply UE has to have a HARQ-ACK timing based on the reference HARQ RTT

· FFS: how different UE categories are defined

· LBRM is taken into account
In RAN1 #90 meeting [2], RAN1 made the following agreements on UE soft buffer dimensioning:
· NR specification should decouple the transmit (or RV) buffer from soft buffer size of the UE receiver.

· Note: transmit (or RV) buffer refers to the PDSCH rate-matching buffer

In RAN1 #91 [4] and email discussion following up, the formula for peak data rate is determined and the LS to RAN is approved. However, the peak data rate only indicates UE processing capability. UE soft buffer size which indicates UE storage capability has not been addressed.

In RAN1 #90bis meeting [3], RAN1 made the following agreement on NR UE soft buffer sharing:
Agreement:

· Dynamic sharing of soft buffer is possible for DL reception by UE implementation

· No spec impact

However, soft buffer sharing mechanisms for LTE-NR DC have not been addressed. Companies’ views on this issue are still diverse. 

In summary, this document addresses the following remaining issues on soft buffer management:

· The soft buffer dimensioning in NR. 
· Soft buffer sharing mechanism for LTE-NR DC UE.

2 Discussion 
2.1 UE soft buffer dimensioning in NR
The soft buffer size determines how long UE can support continuous transmission or reception on peak data rate. It determines UE storage capability and is a critical parameter to determine UE category in addition to UE processing capability. In LTE, a soft buffer size is reported to the network together with the maximum TB size in UE category definition. In NR, the maximum TB size and the data rate are calculated based on a set of L1 parameters such as modulation order, MIMO layers, and BW supported by the UE per band combination [5]. In NR, the soft buffer size should be reported to the network to show UE storage capability independently. 
We use the following equation to show why UE needs to report its storage capability to the network. Define 
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where,
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 is the maximum reference HARQ RTT for continuous communication over the reference data rate 
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Thus, for a UE with certain soft buffer size, when HARQ RTT is increased, the sustainable data rate will be decreased correspondingly. UEs with different buffer sizes will provide different data rates under the same HARQ RTT.
When soft buffer size is not reported to the network, network cannot schedule a UE with higher data rate for a long time. For example, suppose the peak data rate for UE1 is  
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. Then UE1 can be scheduled under the data rate 
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 for 2ms. If the HARQ RTT is greater than 2 ms, suppose HARQ RTT is 4ms, the scheduled data rate for UE1 is only 
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.If the network doesn’t know UE soft buffer size, the network will continue schedule a DL transmission using the peak data rate 
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Figure 1. Relationship between soft buffer size, HARQ RTT and data rate
In LTE, the reference HARQ RTT under the peak data rate is 8ms. In NR, companies have different views on the value of reference HARQ RTT under the peak data rate [6]. NR should consider the typical deployment scenarios as in LTE. So at least 8ms HARQ RTT for some data rates should be supported. To leave more implementation flexibility to UE vendors, we propose to define the total soft buffer size as UE capability as in LTE. Then further considering the relationship between the soft buffer size, HARQ RTT and data rate, the maximum HARQ RTT for continuous communication under the peak data rate can be reported instead.  The maximum HARQ RTT for continuous communication under the peak data rate is the reference HARQ RTT for soft buffer dimensioning. Based on the companies’ proposals, the value of reference HARQ RTT can be 1ms, 1.5ms, 2ms, 4ms, 8ms, 16ms.
Proposal 1: NR Soft buffer dimensioning is derived from (3*reference_DataRate/2) * (reference_DL_HARQ_RTT). The reference_DataRate is the peak data rate UE supported. The reference_DL_HARQ_RTT is defined as the maximum HARQ RTT corresponding to the peak data rate.

Proposal 2: The reference_DL_HARQ_RTT is reported to the network as UE capability indicating soft buffer dimensioning. The values can be 1ms, 1.5ms, 2ms, 4ms, 8ms and 16ms. 
2.2 Soft buffer handling in LTE-NR DC
From UE side, there are two types of UE according to UE implementation, namely: type 1 UE has two separate modems for LTE and NR. These two separate modems have some limited interworking capability. Type 2 UE has an integrated modem which could be used for LTE and NR. This integrated modem has full interworking capability between LTE and NR. Therefore, it is reasonable to assume that for type 1 UE, storage capability is limited to achieve a dynamic sharing between NR and LTE due to limited interworking. For type 2 UE, the storage sharing capability between NR and LTE can be more flexible. This information reported from UE will be helpful to improve gNB scheduling flexibility, especially for the NSA network between LTE and NR. 

The following LTE-NR DC soft buffer sharing options have been proposed by companies [6]:

a. Dynamic sharing (Ericsson, Samsung, Intel, Vivo)

b. Semi-static sharing (LGE, Huawei, HiSilicon)
c. No sharing (Hard split) (ZTE, Sanechips, MTK, Huawei, HiSilicon)
For type 1 UE, the soft buffer can be hard split and semi-static sharing between LTE and NR. For type 2 UE, the soft buffer can be dynamic sharing, or semi-static sharing or no sharing depends on UE implementation. 
Table 1. Soft buffer management for type 1 UE and type 2 UE
	
	Dynamic sharing
	Semi-static sharing
	No sharing

	Type 1 UE
	No
	Yes or No depends on UE implementation
	Yes.

	Type 2 UE
	Yes or No depends on UE implementation
	Yes or No depends on UE implementation
	Yes or No depends on UE implementation


Proposal 3: The soft buffer sharing in LTE-NR DC operation mode can be dynamic sharing, semi-static configured sharing and hard splitting.

3 Conclusions
There are following remaining issues on soft buffer management:

· The soft buffer dimensioning in NR. 

· Soft buffer sharing mechanism for LTE-NR DC.
In this contribution, we show our views on these remaining issues. We propose to report several UE capability parameters on soft buffer management to the network. The detailed proposals are as following:

Proposal 1: NR Soft buffer dimensioning is derived from (3*reference_DataRate/2) * (reference_DL_HARQ_RTT). The reference_DataRate is the peak data rate UE supported. The reference_DL_HARQ_RTT is defined as the maximum HARQ RTT corresponding to the peak data rate.

Proposal 2: The reference_DL_HARQ_RTT is reported to the network as UE capability indicating soft buffer dimensioning. The values can be 1ms, 1.5ms, 2ms, 4ms, 8ms and 16ms. 

Proposal 3: The soft buffer sharing in LTE-NR DC operation mode can be dynamic sharing, semi-static configured sharing and hard splitting.
An LS can be sent to RAN2 to define these capability signalling on soft buffer size.
Proposal 4: Send an LS to RAN2 on the following capability signalling on soft buffer size:

· The reference DL HARQ RTT under the peak data rate, which can be 1ms, 1.5ms, 2ms, 4ms, 8ms, 16ms.
· The soft buffer sharing mechanism UE supported, which can be dynamic sharing, semi-static configured sharing and hard splitting.
	Sub-Feature Group
	Parameter
	To be added or updated
	Description
	Comments

	Scheduling/HARQ
	referenceHARQRTT
	Added
	The reference HARQ RTT for the purpose of soft buffer dimensioning in NR. The corresponding reference data rate is the peak data rate. The values of reference HARQ RTT can be 1ms, 1.5ms, 2ms, 4ms, 8ms, 16ms.
	UE capability.

	Scheduling/HARQ
	softBufferSharingENDC
	Added
	The soft buffer sharing mechanism LTE-NR DC UE supported. It can be dynamic sharing, semi-static sharing or hard splitting. 
	UE capability.
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