3GPP TSG-RAN WG2 Meeting #77
R2-120144
Dresden, Germany, Feb 6th – 10th, 2012
Agenda item:

7.6.2.2
Source:
ZTE
Title:
Left Issues in DRX Solution for IDC
Document for:

Discussion and Decision
1 Introduction
Regarding DRX solution, the following agreements were achieved in RAN2 #76 meeting. From these bullets, at least three issues are left for DRX solutions.
=>
We will focus on specifying UL assistant information that would be needed not matter which TDM solution we choose. 

=>
Since DRX is available anyway, it can be considered as the baseline.

=>
DRX should be used in a predictable way, i.e., the eNB should ensure a predictable pattern of unscheduled periods by means of DRX

=>
It can be discussed whether additional parameter values should be support in the DRX mechanism. Other changes to the DRX procedure should be avoided if possible.  
In this paper, we mainly discuss about the issue on “UL assistant information for DRX”. In addition, the issue of whether UE should perform RRM/RLM/CSI measurements in unscheduled period for IDC is also included.
2 Discussion
2.1 Analysis on UE assistant information for DRX solution
After the available DRX patterns for LTE/BT were proposed in [5] and [6], several papers [2] [3] [4] disclosed substantial problems regarding DRX pattern for IDC purpose. To address those concerns, one new paper [1] proposed several possible methods, from which we observe that the DRX patterns for IDC work under a lot of limitations. For example, in case of long IDC interference pattern used for WiFi/LTE coexistence, SR in PUCCH should be restricted by eNB to avoid the time extension into unscheduled period. In case of short interference pattern used for BT/LTE coexistence, in addition to PUCCH-SR restriction, periodic CSI/SRS could not be configured in some TDD configuraitons. The issues in short IDC DRX pattern used for BT/LTE are elaborated more in next session.
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Figure 1. PUCCH-SR extension to unscheduled period duration
From above analysis, it is very straight that eNB has to be aware of the ISM traffic type before configuring DRX pattern to handle the issue differently. Therefore, UE should report different UL assistant information for long IDC interference pattern and short IDC interference pattern respectively.
Proposal 1: It is proposed to introduce different UL assistant information for long and short IDC interference pattern, respectively.
In case of WiFi/LTE coexistence, it is much simpler for UE to suggest the DRX pattern since it knows better on traffic load of WiFi. Hence it is proposed that UE reports the suggested DRX pattern as UL assistant information for eNB to make the final decision. 
In specific cases of BT/LTE coexistence, eNB suffers more restrictions after applying DRX pattern. As follows we give analysises on several examples.
Example 1: Based on HARQ bitmap in [7], the DRX pattern of TDD Config 1 proposed by [5] for BT slave/LTE coexistence is shown in Figure 2.
	Subframe
	0
	1
	2
	3
	4
	5
	6
	7
	8
	9

	Config 1
	
	PDCCH and PHICH for #7
	A/N for #5, #6
	A/N for #9
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	A/N for #4
	PDCCH and PHICH for #3

	Slave
	
	
	
	
	
	
	
	
	
	


Figure 2. UL/DL directions for TDD configuration 1, subframe reservations for LTE and HARQ signalling.
· 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.

It could be seen that subframe #7 and #8 are active subframes in LTE device, however, they were assigned to BT traffic according to HARQ bitmap. Then eNB has to restrict the scheduling of PUSCH and any SR/CSI/CQI/SRS during those subframes since there are no other UL subframes available for ISM. In order to do so, eNB should be aware of the exact location of BT traffic.
Example 2: For TDD Config 0, PDCCH in subframe #5 could do scheduling for subframe #8 and #9 as shown in Figure 3. While subframe #8 is not appropriate to UE, eNB should have known that before scheduling.
	Subframe
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	Config 1
	PDCCH for #7, PHICH for #3, #4
	PDCCH for #7, #8, PHICH for #7
	A/N for  #6
	
	A/N for  #0
	PDCCH for #9, PHICH for #8, #9
	PDCCH for #2, #3, PHICH for #2
	A/N for #1
	
	A/N for #5

	Slave
	
	
	
	
	
	
	
	
	
	


Figure 3. UL/DL directions for TDD configuration 0, subframe reservations for LTE and HARQ signalling.
· TDD Configuration 0, BT slave: DRX cycle of 10 ms, DRX offset 5, drx-OnDurationTimer 2 ms, drx-RetransmissionTimer 1 ms.  
Example 3: The DRX pattern of TDD configuration 6 proposed in [6] is configured as:
· HARQ bitmap: 1110011110  0111011011 0011111001  1011101101  1101100111  1100110110
· DRX pattern: DRX offset = 0, DRX cycle of 60ms, drx-OnDuration = 4 ms and drx-InactivityTimer = 0 ms

With these settings, the UE would be active in DL subframes 0, 1, 5, 6 of the first radio frame. If in those DL subframes UL grants would be assigned to the UE, the UE would be transmitting in UL subframes 7 and 8 of the first radio frame and in UL subframes 2 and 3 of the second radio frame. Because the UE needs to be active for HARQ feedback and adaptive retransmission grants, it needs to be active in DL subframes 1, 5, 6, and 9 of the second radio frame. If in those subframes UL grants are transmitted, then again the UE needs to active DL subframes later. 
We observe that the DRX pattern is kept by HARQ retransmission chain, which requires all the DL subframes during On-duration be scheduled to trigger the chain. Moreover, during DRX off duration, eNB has to grant one new transmission after any HARQ process is ACKed to keep UE alive for this HARQ chain.
To wrap up those examples above, in case of BT/LTE coexistence, the BT traffic pattern information should be awared by eNB to perform pre-scheduling. To reserve as many as LTE HARQ processes and for simplicity at eNB, UE could take the advantage of BT adaptiability and report the HARQ based gap patterns to eNB.
Proposal 2: We propose that UE reports suggested DRX pattern and HARQ based gap pattern (e.g., HARQ bitmap pattern) as UL assistant information to eNB in scenario of long interference pattern and short interference pattern, respectively.
2.2 DL RRM/RLM/CSI measurement restriction
First, it should be noted that this paper only talks about RRM/RLM/CSI measurement for mobility control into account. How physical layer detects IDC problem is out of scope.
In existing DRX mechanism, whether the UE performs RRM/RLM/CSI measurement during inactive time is not restricted and remains to UE implementation. In case of IDC, the situation becomes different since in-device ISM transmission in unscheduled period leads to intolerable interference. Bad CSI measurement result could impact the eNB’s scheduling, while bad RRM condition causes unnecessary handover and bad RLM report causes RLF in the worst case. In order to achieve appropriate RRM/RLF/CSI measurement result, UE should not perform those measurements during unscheduled period.
Another argument is when discussing the measurement restriction of the non-CA based eICIC, there is a common understanding that the the RSRP measurement of weak cells should be protected. For example, for a Pico cell with 10dB biasd CRE, the SINR of a PUE in the Pico’s CRE range will be as low as about -10dB that the measurement of the Pico cell should be performed only inside of ABS. Issue in IDC could be treated similarly.
According to the analysis of coexistence interference between LTE and ISM bands from RAN4 [8], if the BT/WLAN actives in the lowest 20MHz of the ISM band and the LTE actives in the highest 30MHz of Band40, the desensitization in LTE will be as high as 50dB. The definition of desense is 10log10(α) where α is the ratio between the coexistence interference and the noise floor. According to the assumption in [8], if the the sensitivity is -94dBm and the required SNR is -1dB. Then, the noise floor (KBT+ Noise Figure) is at -93dBm. So if the desense is 50dB, then the coexistence interference is as high as -43dBm. For Band40 with 20MHz bandwidth, the typical received signal range is -97dBm~-57dBm.Then the SINR is about -54dB~-14dB. Hence we believe that for in-device coexistence, with such low SINR (e.g. -51dB~-17dB), the RRM/RLM/CSI measurement should not be performed during unscheduled period. 
Proposal 3: DL RRM/RLM/CSI measurement should not be performed during unscheduled period (inactive time).
3 Conclusion & Proposal
Proposal 1: It is proposed to introduce different UL assistant information for long and short IDC interference pattern, respectively.
Proposal 2: We propose that UE reports suggested DRX pattern and HARQ based gap pattern (e.g., HARQ bitmap pattern) as UL assistant information to eNB in scenario of long interference pattern and short interference pattern, respectively.
Proposal 3: DL RRM/RLM/CSI measurement should not be performed during unscheduled period (inactive time).
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