Page 4
Draft prETS 300 ???: Month YYYY


3GPP TSG-RAN WG2 #75
Tdoc R2-114331
Athens, Greece, August 22–26, 2011
Agenda Item:
7.7.2
Source: 
Ericsson, ST-Ericsson 

Title:  
Solutions for IDC interference in LTE + BT voice scenario
Document for:
Discussion, Decision
1 Introduction
In this contribution, we discuss different solutions for IDC interference in LTE + BT earphone scenario. First we analyze the impact of HARQ pattern solution on the LTE performance and after that evaluate if the HARQ solution can be replaced with Rel-8/9 DRX mechanism. Our proposal for way forward in this study item is discussed more in [1].
2 Discussion
2.1 Performance analysis of HARQ solution
In the recent email discussion 74#32, a time line analysis of LTE + BT earphone (VoIP) is performed and different HARQ and interference bitmaps are proposed for the HARQ reservation solution. In this subsection we analyze those patterns and evaluate how much they impact LTE performance. 
In the HARQ process reservation approach, the bitmap is HARQ compliant meaning that for all UL HARQ transmissions, a retransmission can be performed within one HARQ RTT from the previous transmission. In most of the LTE TDD configurations, the HARQ RTT is 10 ms in uplink and thus also reservation bitmaps are 10 ms long. In the interference bitmap approach, the bitmap is not necessarily HARQ compliant meaning that a HARQ retransmission cannot be performed immediately after one HARQ RTT. However, if the UL transmission performed needs a retransmission, this can be achieved by HARQ suspension, meaning that the HARQ ACK is sent to the UE and the retransmission is done one HARQ RTT later.
In Table 1 HARQ compliant bitmaps having length of 10 ms are presented (theses are proposed by Intel and Qualcomm during the email discussion), whereas in Table 2 interference bitmaps (proposed by ZTE) having the length of 30 ms are presented. We have calculated the amount of LTE resources for UL and DL direction after the split of subframes for LTE and ISM resources. It should be noted that a LTE UL subframe cannot be used for data transmission if the corresponding DL subframe carrying PDCCH is not available for LTE. From Table 1 and Table 2 it can seen that by having a longer bitmap (30 ms), the maximum data rate achieved in the LTE side is higher than with a shorter bitmap of 10 ms.

If only 50% of the UL resources are available for transmission, the performance of LTE decreases. Both the peak rate and average rate of the UE using the HARQ scheme decreases. In addition, the cell throughput and capacity decreases, impacting thus all UEs in the cell. This is because resources are wasted if any of the UEs having data in the buffer cannot be scheduled for the given subframe due to scheduling restrictions.  Finally, because only a part of the subframes are available for transmission, the coverage decreases. This can be an issue in TDD networks, where there are significantly less UL subframes than in the FDD system. 

Proposal 1 Include performance analysis of HARQ solution with different bitmap lengths to the TR.

Table 1. Performance of HARQ compliant bitmaps (short bitmaps)
	Case
	
	DL data rate
	UL data rate

	TDD config 2, master
	1111110100
	5/8=63%
	½=50%

	TDD config 3, master
	1111111101
	6/7=86%
	2/3=67%

	TDD config 4, master
	1111111001
	6/8=75%
	½=50%

	TDD config 5, master
	1111010010
	5/9=56%
	1/1=100%

	TDD config 1, slave
	0011011001
	3/6=50%
	2/4=50%


Table 2. Performance of non-HARQ compliant bitmaps (long bitmaps)
	Case
	
	DL data rate
	UL data rate

	TDD config 2, master
	1111101111 1111111111 0111111111
	22/24=92%
	6/6=100%

	TDD config 3, master
	1111111101 1111111011 1111111011
	18/21=86%
	8/9=89%

	TDD config 4, master
	1111110111 1011110111 1111111011
	20/24=83%
	2/2=100%

	TDD config 5, master
	1111101011 1111101111 0111110111
	19/24=79%
	2/2=100%

	TDD config 1, slave
	1011110111 1011110111 1011110111
	4/6=67%
	¾=75%


3 Alternative solution for HARQ reservation approach

In this section we evaluate if a simple DRX scheme could be used for interference avoidance in the BT voice scheme. 
As specified in 36.321, in Rel-8 DRX mechanism, the UE needs to be active and monitoring PDDCH when the following timers are running or conditions are true:

-
onDurationTimer or drx-InactivityTimer or drx-RetransmissionTimer is running

-
a Scheduling Request is sent on PUCCH and is pending 
-
an uplink grant for a pending HARQ retransmission can occur 
On top of that there are some RA procedure related cases when the UE needs to be active. The drx-RetransmissionTimer is started after HARQ RTT Timer. In TDD HARQ RTT Timer has length of k+4, where k refers to the time interval between th DL transmission and the corresponding HARQ feedback.
As an example, we analyze if the HARQ compliant gap patterns as proposed in [2] for BT eSCO can be achieved with appropriate DRX settings without any specific “HARQ solution”. The evaluated HARQ bitmaps for the BT master case and for the BT slave case are collected in Table 3. TDD configuration 6 is excluded from the analysis.
Table 3. Analyzed HARQ bitmaps for BT Master and BT Slave cases [2]

	TDD configuration
	BT Master
	BT Slave

	0
	1111111111
	0010011001 

	1
	1111111111
	0011011001 

	2
	0111101111
	0011100111 

	3
	1111111011
	1001100001 

	4
	1011111011
	0011110011 

	5
	0111110111
	0011100011 


TDD UL-DL subframe allocation together with HARQ timings is depicted in Figure 1. In the figure, blue color refers to DL, red color to UL and white color to gap period. Also timing of HARQ related signaling is depicted in the figure. Below each TDD configuration, subframes that can be used for LTE according to Table 3 are shown in green. From the figure we can see that each radio frame have one or two DL periods that can be allocated for LTE. One DL period (e.g in the case of TDD Config 0 BT slave) can be achieved by configuring DRX cycle of 10 ms. Two DL periods in one radio frame can be achieved by configuring the DRX cycle of 5 ms. This value is available when short DRX cycles are used. The UE is following short cycles when drxShortCycleTimer is running. If this timer is not running, it can be started by sending some small MAC PDUs to the UE every now and then.
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Figure 1. UL/DL directions for each TDD configuration, subframe reservations for LTE and HARQ signalling.
Because the bitmaps are HARQ compliant, the subframe when adaptive UL grant occurs, is allocated for LTE. However, in DL the value of HARQ RTT Timer is not always 10 ms leading the UE to be active in subframes not allocated to LTE. This can be avoided by introducing a drx-retransmissionTimer of 0 ms. This value is not harmful for DL retransmissions because due to asynchronous nature of DL HARQ in LTE, retransmissions can be performed in the beginning of the next DRX cycle. 

To be more detailed, suitable DRX configurations for all TDD configurations 0-5 resulting a gap pattern as given in Table 3 and depicted in Figure 1 are listed as follows:

· TDD Configuration 0, BT master: No need for special handling  

· TDD Configuration 0, BT slave: DRX cycle of 10 ms, DRX offset 5, drx-OnDurationTimer 2 ms, drx-RetransmissionTimer 1 ms.  

· TDD Configuration 1, BT master: No need for special handling  

· TDD Configuration 1, BT slave: DRX cycle of 10 ms, DRX offset 5, drx-OnDurationTimer 3 ms, drx-RetransmissionTimer 1 ms.  Note that the UE can be DRX Active over some UL subframes (subframes #7 and #8), if those subframes are not scheduled.

· TDD Configuration 2, BT master: DRX cycle of 5 ms, DRX offset 1, drx-OnDurationTimer 3 ms and  drx-RetransmissionTimer 1 ms.  

· TDD Configuration 2, BT slave: DRX cycle of 5 ms, DRX offset 3, drx-OnDurationTimer 2 ms and  drx-RetransmissionTimer 0 ms.  

· TDD Configuration 3, BT master: DRX cycle of 10 ms, DRX offset 8, drx-OnDurationTimer 6 ms and  drx-RetransmissionTimer 0 ms.  

· TDD Configuration 3, BT slave: DRX cycle of 10 ms, DRX offset 9, drx-OnDurationTimer 2 ms and  drx-RetransmissionTimer 0 ms.  

· TDD Configuration 4, BT master: DRX cycle of 5 ms, DRX offset 3, drx-OnDurationTimer 3 ms and  drx-RetransmissionTimer 0 ms.  

· TDD Configuration 4, BT slave: DRX cycle of 5 ms, DRX offset 3, drx-OnDurationTimer 2 ms and  drx-RetransmissionTimer 0 ms.  

· TDD Configuration 5, BT master: DRX cycle of 5 ms, DRX offset 2, drx-OnDurationTimer 3 ms and drx-RetransmissionTimer 0 ms.  

· TDD Configuration 5, BT slave: DRX cycle of 5 ms, DRX offset 3, drx-OnDurationTimer 2 ms and  drx-RetransmissionTimer 0 ms.  

It should be noted that drx-OnDurationTimer can also be selected to a shorter value and drx-InactivityTimer could be used instead to keep the UE DRX Active when needed. If there is not more date for the UE, drx-InactivityTimer  can be stopped with the DRX Command MAC CE.
As a conclusion, we have shown that gap patterns suitable for BT voice can be achieved by Rel-8/9 DRX if a new value of drx-retransmissionTimer is introduced. Thus we can achieve at least a minimum solution for BT + earphone scenario without introducing changes to the specifications. 
Proposal 2 Consider DRX as a solution for LTE + BT voice case.
4 Conclusions and Proposals

In this contribution we have analyzed different solutions for the LTE + BT voice case when the IDC interference is present. The performance analysis of HARQ process reservation solution is provided for different bitmap lengths and text proposals for the TR given. We can conclude that this solution has rather large impact on LTE performance in terms of data rates as well as impact on standards. On the other hand, with Rel-8/9 DRX, performance similar to HARQ bitmap solution can be achieved.
Proposal 3 Include performance analysis of HARQ solution with different bitmap lengths to the TR.
Proposal 4 Consider DRX as a solution for LTE + BT voice case.
A CR capturing proposals above is given in [3].
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