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1   Introduction
In RAN2#97bis meeting, the following agreements were made [1]:

	-     PDCP SDU is discarded upon the expiry of PDCP discard timer.
-
PDCP SDU is discarded when successful delivery is confirmed by PDCP status report.



From the agreements, we can see LTE mechanism is basically reused. However, there may be some further issues to consider. In this contribution, we will analyse these issues and try to give solutions. 
2   Discussion
As agreed, PDCP SDUs is discarded when the PDCP discard timer is expired or the successful delivery is confirmed by PDCP status report. Regarding to the first discard mechanism, i.e. timer based discard, there may be some issues in the receiving side.
In NR, one of the most important layer 2 enhancements for latency is the introduction of pre-processing. Due to pre-processing in PDCP and RLC, once an SDU is generated, it will be instantly allocated with an SN number and the corresponding header. In this case, if one or more discard timers expire, the PDCP SDUs, the corresponding PDCP PDUs and the RLC SDUs not yet transmitted will be discarded, some along with the allocated SN. This will result in SN gap in the receiving side in both RLC layer and PDCP layer. The receiving side cannot tell if a PDU is lost or discarded and have to wait for the PDU until related timer expires. This will bring extra latency when performing reordering even if the SDU is already discarded in the transmitting side. Or even worse, for AM mode RLC, ARQ may be performed and even RLF will be triggered due to PDCP discard. This is a serious issue that needs to be solved.  
Observation: The PDCP discard mechanism may result in extra latency due to SN gaps in the receiving side. 
To solve the PDCP SN gap, a simple and resource efficient method is to indicate that one or more PDCP PDUs have been discarded by the sender. This may be accomplished in one of two ways:
Option 1:  send a header only PDU when discard happens. 
Option 2:  send an indicator in the header of a subsequent PDU when discard happens.

In option 1,, if discard happens due to PDCP discard timer expiry, the sending PDCP entity will deliver a PDCP PDU with only header. When the receiving PDCP entity receives the PDU, it will know the corresponding SDU is discarded and will not wait for it.
In option 2, if discard happens due to PDCP discard timer expiry, the sending PDCP entity will set a single-bit indicator in the header of a subsequent PDCP data PDU to indicate a gap in PDCP sequence numbering. When the receiving PDCP entity receives the indicator, it should flush its receive buffer by forwarding, in order, any PDCP PDUs that are currently stored.
Comparing these two options, Option 1 is simpler. Option 2 needs one bit to be in the PDCP header for all PDUs while for most time it is not in use. Besides, in Option 2, the receiving side will ignore all the previous SN gaps when receive a PDU with indicator. This may be a problem when some previous PDUs are not discarded  and are still being retransmitted in RLC. 
Proposal 1: Upon discard timer expiry of a PDCP SDU, if the PDCP PDU is pre-constructed, the UE can drop the PDCP SDU as well as the corresponding PDCP PDU, and transmit a PDCP PDU with only PDCP header.
In RLC layer, it is agreed to discard the corresponding RLC SDUs not yet transmitted when PDCP SDU is discarded. However as mentioned above, due to pre-processing, RLC SDU may be allocated with a header the moment it is delivered from PDCP. To improve resource efficiency , the RLC SDU with allocated header should still be discarded, i.e. RLC PDU discard should be supported. In this case, RLC SN gap may happen in the receiving side. To solve this problem, when RLC PDU discard happens, the corresponding RLC header will be added to the PDCP PDU with PDCP header only. Therefore the receiving side actually receives a packet with RLC header and PDCP header when PDCP discard happens. Then both PDCP SN gap and RLC SN gap  are avoided.
Proposal 2: In order to improve resource efficiency, RLC PDU discard is supported .

Proposal 3: For RLC AM, when the RLC PDU is discarded the RLC header will be added to the corresponding PDCP PDU with PDCP header only to avoid RLC SN gap.
3   Conclusion
By discussing the PDCP discard mechanism, we have the following observation:

Observation: The PDCP discard mechanism may result in extra latency due to the SN gap in the receiving side. 

And based on the observation, we propose:
Proposal 1: Upon discard timer expiry of a PDCP SDU, if the PDCP PDU is pre-constructed, the UE can drop the PDCP SDU as well as the corresponding PDCP PDU, and transmit a PDCP PDU with only PDCP header.
Proposal 2: In order to improve resource efficiency, RLC PDU discard is supported .

Proposal 3: For RLC AM, when the RLC PDU is discarded the RLC header will be added to the corresponding PDCP PDU with PDCP header only to avoid RLC SN gap.
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