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Discussion
1
Introduction

During the RAN2#48bis meeting, it was decided to support the “Upper ARQ functionality”, i.e. the 2nd ARQ layer above HARQ, within the LTE L2 architecture [1].

In this document, we

· In section 2, try to outlay the possible alternatives on how Upper ARQ and HARQ can operate in a general manner, and suggest how RAN WG2 should address this topic, and
· In section 3, propose that schemes to detect residual HARQ BLER at the HARQ layer (not at the Upper ARQ layer as for HSDPA) should be studied at RAN WG2 in aim to reduce Upper ARQ retransmission delays.
2
Alternatives for Upper ARQ / HARQ operation
In Table 1, we outline the 4 different schemes on how Upper ARQ and HARQ can operate for LTE. There are probably more alternatives when we start looking into details, but we think those in the table cover the possible alternatives in the general sense.

Table 1 – Alternatives for Upper ARQ and HARQ operation

	
	Alternative 1
	Alternative 2
	Alternative 3
	Alternative 4

	HARQ PDU
	Single or concatenated full upper ARQ PDUs
	Segmented and/or concatenated Upper ARQ PDUs
	Segmented and/or concatenated IP packets
	Segmented and/or concatenated IP packets

	Upper ARQ PDU
	PDCP PDU (IP packet)
	PDCP PDU (IP packet)
	Original HARQ PDU
	Original HARQ PDU

	Segmentation and concatenation at HARQ allowed with retransmitted Upper ARQ PDU?
	Yes (segmentation not allowed)
	Yes
	No
	Yes

	Benefits
	Low Upper ARQ overhead and simple framing/reassembly/ retransmission protocol.
	Low Upper ARQ overhead and simple retransmission protocol.

Also, potential issue for Alternative 1 is solved.
	Potential issues for Alternatives 1&2 are jointly solved.
	Potential issues for Alternatives 1,2&3 are jointly solved.

	Issues
	Potential issues with L1 performance and testing.

Very high and a very wide range of initial coding rate must be supported.
	Potentially inefficient retransmission.
IP packet must be retransmitted even if it was partially received.
	Potentially inefficient retransmission.
TB size of original HARQ PDU might not be appropriate at the time of Upper ARQ retransmission.
	Potentially complex retransmission protocol.
Header extension needed to support re-segmentation of original HARQ PDU.


Note that we haven’t considered the alternative where semi-static sized Upper ARQ PDUs are used as is the case for RLC PDUs in Rel-99~6. With a fixed set of HARQ TB (PDU) sizes, using fixed (semi-static) size PDUs results in padding for every HARQ PDU, and increases overhead. This issue is explained nicely in [2].
In general, Alternative 1 provides the simplest solution, but the retransmission performance can be improved with Alternatives 2, 3 and 4 by increasing the protocol complexity.
Alternative 1

In Alternative 1, segmentation of higher layer PDUs (e.g. PDCP PDUs / IP packets) is not allowed neither by the Upper ARQ nor the HARQ. The Upper ARQ PDU is just the Upper ARQ SDU + header (if needed), and the HARQ PDU is multiple of full Upper ARQ PDUs + header. This results in a very simple framing, reassembly and retransmission protocol.

On the other hand, the HARQ PDU size is determined independent of the radio condition, and very high initial coding rates can results (e.g. initial coding rate > 1). With such high initial coding rates, there are potential issues involved in L1/L2 performance, and with the resulting wide range of initial coding rates, there are potential issues involved in testing load.
Alternative 2
In Alternative 2, the above mentioned issues for Alternative 1 are solved by allowing the HARQ to perform segmentation of Upper ARQ PDUs. By allowing HARQ to perform segmentation, the HARQ PDU size can be adapted to the radio condition so that the initial coding rate can be controlled to be within a desired range (e.g. segmentation and concatenation of Upper ARQ PDUs can be performed to achieve initial coding rate r_init such that, 0.33< r_init< 0.75).
On the other hand, since the Upper ARQ PDU is still just the Upper ARQ SDU + header (if needed), when radio conditions are such that HARQ PDU size is smaller than the Upper ARQ PDU size, Upper ARQ retransmission may potentially be inefficient since a whole IP packet (PDCP PDU) must be retransmitted even if it was partly received. 
The severity of this potential inefficiency of Upper ARQ retransmission depends on factors such as:

· Targeted average number of HARQ retransmissions: The higher this figure is, the higher the severity is.
· Achievable HARQ level throughput (accounting for retx): The lower this figure is, the higher the severity is. The worst case would be for that at the cell edge.

· Targeted residual HARQ error rate: The higher this figure is, the higher the severity is.

Two example calculations, one for the severe case and another for the not so severe case are shown in Table 2.
. Table 2 – Example calculations showing the severity of the potential inefficiency in the Alternative 2
	Parameters
	Example 1 (severe case)
	Example 2 (not so severe case)

	IP packet size
	1500byte

	Average # of HARQ retransmissions
	1.25
	1.5

	HARQ level throughput

(HARQ PDU size)

(HARQ PDUs / IP packet)
	64kbps

(5byte)

(300 HARQ PDUs)
	128kbps

(12byte)

(125 HARQ PDUs)

	Residual HARQ error
	0.1%
	0.01%

	Resulting Upper ARQ throughput to

HARQ throughput ratio
	70%

(=[1000-300] / 1000 HARQ PDUs)
	98.75%

(=[10000-125] / 10000 HARQ PDUs)


Alternative 3

In Alternative 2, the above mentioned issue for Alternative 2 is solved by setting the original HARQ PDU, which is selected by the scheduler in accordance with the radio conditions, as the Upper ARQ PDU. With such a solution, even when HARQ PDUs are smaller compared to IP packets, Upper ARQ can just retransmit data which HARQ failed to deliver, i.e. Upper ARQ does not have to retransmit the whole IP packet.
On the other hand, since Upper ARQ PDU size depends on the HARQ PDU size chosen by the scheduler, the 1 to 1 correspondance between PDCP PDUs (IP packets) and the Upper ARQ PDUs are lost. This means that the SN which might be present per PDCP PDU (since ciphering might be done at PDCP considering that U-plane ciphering will be carried out in the central node for DL) cannot be reused for Upper ARQ purposes (e.g. for residual HARQ error detection and in-sequence delivery), and it is thought that an Upper ARQ SN needs to be introduced.
Also, if header extention relating to this Upper ARQ SN is to be prevented, re-segmentation/concatenation of an Upper ARQ PDU should not be allowed at HARQ. With such a limitation, Upper ARQ retransmission may potentially be inefficient since the original HARQ PDU size might not be appropriate at the time of Upper ARQ retransmission due to change in the radio conditions, or might not have been appropriate in the first place (scheduler error).
The severity of this potential inefficiency depends on how fast residual HARQ error can be detected (the faster the detection, the less change in radio conditions at the time of Upper ARQ retransmission), the degree of “corruptness” of the HARQ PDU size when the scheduler inappropriately chooses the HARQ PDU size, and the performance of persisitent HARQ retransmission against such “corrupted” HARQ PDU size selection.
Alternative 4

In Alternative 4, the above mentioned issue for Alternative 3 is solved by allowing Upper ARQ PDU, which is set to be the original HARQ PDU, to be re-segmented/concatenated at the time of Upper ARQ retransmission. This approach assures optimum performance for HARQ and Upper ARQ retransmissions.
On the other hand, since re-segmentation/concatenation of the Upper ARQ PDU is allowed, header extensions to the Upper ARQ SN will be needed to assist the receiver side Upper ARQ layer to perform error detection and in-sequence delivery. Such a protocol may become complex when we start considering re-segmentation of an already re-segmented Upper ARQ PDU.
Proposal
Looking at the 4 alternatives, we perceive Alternative 1 to be least feasible from L1/L2 performance and testing viewpoints, and prefer to leave Alternative 1 out of the question.

Among Alternatives 2, 3 and 4, we think that Alternative 2 should be the starting point to consider since it offers the simplest and potentially robust solution. However, potential issues can be identified with Alternative 2, and RAN WG2 should try to verify the impacts of these issues to the L2 U-plane performance. If it is concluded that Alternative 2 cannot satisfy the required L2 U-plane performance for LTE, then enhancements to Alternatives 2 should be considered, which may end up being like the solutions in Alternative 3 or 4.
3 Residual HARQ error detection
For HSDPA, residual HARQ error results as a consequence of the following events:
· HARQ error case 1: Maximum number of HARQ retransmissions reached

· HARQ error case 2: Nack to Ack misinterpretation at the Node-B

· HARQ error case 3: HS-SCCH miss at the UE followed by a DTX to Ack misinterpretation at the Node-B

These residual HARQ errors are detected at the RLC layer as a result of the window operation at the HARQ reodering entity as shown in Figure 1. When the TSN corresponding to the missed MAC-hs PDU (TSN 7 in the figure) moves outside of the receiver window, the MAC-hs PDUs with higher TSN than the missing PDU that are correctly received (TSN 8-23 in the figure) are transferred from the HARQ reordering buffer to the RLC layer, and then the RLC detects the residual HARQ error due to a missing RLC SNs.
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Figure 1 – Window operation of the UE HARQ reodering entity for HSDPA 

As in the figure, for the TSN corresponding to the missed MAC-hs PDU to move outside the receiver window, it takes at least 16 TTIs if the receiver window size is 16. Note that it will require more than 16 TTIs if there is not enough data for the UE to last for 16 TTIs, or if the scheduler doesn’t allocate HS-DSCH to the UE consecutively, or if the 1st transmission BLER is not 0%.
However, it is thought that residual HARQ error can be detected earlier at the HARQ layer with little effort for all of the HARQ error cases mentioned above. It should be noted that the most obvious way for the HARQ layer to keep account for missing HARQ PDUs due to HARQ error are in terms of TSN, but the Upper ARQ layer keeps account of Upper ARQ PDUs with a different SN (not true for Alternative 1 in section 2). Therefore, in order for the Upper ARQ layer to take advantage of the fast detection of HARQ error by the HARQ layer and to quickly retransmit the corresponding Upper ARQ PDUs, interaction between Upper ARQ and HARQ layers are needed. Such interaction is thought not to be complex if a U-plane architecture proposed in [3], in which the Upper ARQ and HARQ protocols are terminated in one node (UE or Node-B), is adopted for LTE.
Some examples of how the HARQ layer can detect residual HARQ errors are mentioned below.

Detection of HARQ error case 1
Transmitter side HARQ layer can detect when receiving a Nack after maximum number of HARQ retrasmissions.

Detection of HARQ error case 2
Receiver side HARQ layer can detect when receiving a new HARQ PDU on a HARQ process on which it previously transmitted a Nack.

Detection of HARQ error case 3
Receiver side HARQ layer can detect through the use of TSN. For example, if the receiver side receives a new TSN on a HARQ process on which it previously transmitted an Ack, and if HARQ PDUs corresponding to those TSNs including and between the next_expected_TSN and the received TSN are not all in the reordering buffer or being retransmitted in other HARQ processes, the receiver side can detect the HARQ PDU corresponding to the missing TSN to have been lost.
Proposal
Since it is thought to be feasible to detect residual HARQ errors at the HARQ layer, and with such an approach the detection delay of residual HARQ errors can be reduced compared to that of HSDPA, resulting in reduced Upper ARQ retransmission delay, we suggest RAN WG2 to further study such schemes.
4 Conclusions

According to the above discussion, we suggest RAN WG2 to:

1) Take Alternative 2 in section 2 as the starting point to consider for HARQ and Upper ARQ operation since it offers the simplest solution. However, the potential issues with Alternative 2 and their severity should be examined, and if Alternative 2 is thought not to satisfy the required L2 U-plane performance for LTE, RAN WG2 should study other alternatives.

2) Study schemes to detect residual HARQ BLER at the HARQ layer in aim to reduce Upper ARQ retransmission delays.
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