3GPP TSG-RAN WG1 Meeting #81
R1-152820
Fukuoka, Japan, 25th - 29th May 2015
Agenda item:

6.2.2.2.1
Source:
Nokia Networks
Title:
On reducing the number of DL control blind decodes
Document for:

Discussion and Decision

1
Introduction
At RAN1#80 and RAN1#80bis, some companies raised the issue that the number of blind decodes (BD) might become too high when increasing the number of CCS to 32 and keep the number of blind decodes (BD) per CC unchanged (i.e. linear increase of the number of blind decodes with the number of supported CCs). We still think, that the number of blind decodes could scale also linearly with the BB capabilities for PDSCH/PUSCH as with an increasing number of CCs also the needed BB capabilities for at least PDSCH decoding would increase as well. 

But not just the (E)PDCCH blind decoding complexity might be considered an issue, but also the effect of false-positive detection of DCIs as described in [1] that is related to the number of (DL grant) blind decodes as well. 
Therefore, we consider ways on how to provide and how to specify restrictions in the number of blind decodes for efficient operation of LTE CA up to 32 CCs.

2
Reducing the number of blind decodes
The number BDs of LTE Rel. 10 CA operation is based on the fact that the number of USS blind decodes is linearly increasing with the number of configured CCs. On top of the blind decodes for CSS carried on PCell (12), for each CC up to 48 blind decodes on USS need to be monitored by the UE if configured with UL SU-MIMO on each of the CCs. This gives in total up to 252 (12+5*48) blind decodes for a LTE Rel. 10 Cat. 8 UE (supporting 5 CCs). 
The effect of false-positive DL grant decoding as discussed in [1] of course would only need to take the number of blind decodes applicable for potential DL grants into account here, and is therefore lower (as potential UL grants do not need to be considered here). 

The first baseline question to be answered is to which number of blind decodes to restrict for a larger number of CCs for Rel. 13 CA. Clearly, the intention should not be to change the LTE Rel. 12 CA operation (i.e. reducing the #BD for up to 5CCs). But then how to extend this in order also to take into account, that with an increase in the number of supported CCs also the UE BB capabilities increase. 

So how to extend now the number of required BDs from the current 5CC assumption to a larger number of supported CCs? And what is the target reduction rate (percentage) for the 32 CC case? In order to look for certain ways to reduce the number of BDs, this information would be needed. In Table 1 we show some examples here:

	# of CCs
	5
	8
	12
	16
	20
	24
	32

	# of BD linear
	252
	396
	588
	780
	972
	1164
	1548

	Target max. # of BD 
	252
	252+x8
	252+x12
	252+x16
	252+x20
	252+x24
	252+x32


Table 1: Number of BDs as a function of the number of CCs

 Clearly, the additional number of blind decodes in Table1 may not be the same independent on the number of CCs a UE supports (i.e. x8=x16=x32) as otherwise, the same blind decoding capabilities for an 8 CC & 16 CC UE compared to a 32 CC UE might be required. At the same time, having a totally linear relationship in the increase in the number of blind decodes  might not serve the purpose well either, as then the potential negative effect of a reduced number of blind decodes would already hit at a low number of supported CCs. And clearly the intention here would be to optimize CA operation for a small/medium number of CCs and not to optimize for a large number of UEs. 

Therefore, before discussing on how to achieve a reduction in the number of blind decodes it would be good to define some target max. number of blind decodes as a function of the number of supported CCs by the UE. 

Proposal 1: RAN1 to first define the maximum number of blind decodes as a function of the number of supported CCs of a UE. After that, it is possible to consider different ways to achieve the reduced number of blind decodes.
And example of some non-linear distribution on the number of blind decodes is given in Table 2 below:

	# of CCs
	5
	8
	12
	16
	20
	24
	32

	# of BD linear
	252
	396
	588
	780
	972
	1164
	1548

	Target max. # of BD 
	252
	396
	~516
	~612
	~684
	~732
	~780


Table 2: Example for envisioned number of BDs as a function of the number of CCs

So up to 8 carriers, the linear Rel. 10 increase would be given. But then, the number of blind decodes on USS would be decreasing per each additional carrier and for 32 CCs the number of blind decodes would be about half compared to the linear increase based on the Rel. 10 design. With such type of (or similar) target in mind, we might now consider ways to reduce the number of blind decodes for a large number of CCs. We discuss methods on how this could be done in the following section. 

2
Ways to reduce the number of blind decodes
Looking at methods to reduce the number of blind decodes, two basic schemes in order to enable a blind decoding reduction have been suggested, restricting the number of blind codes for each carrier e.g. in [2] or enabling a reduction by introducing joint grant operation e.g. in [3,4]. 

2.1 Less blind decodes for one carrier
As discussed in [2], one option would simply be to reduce the number of blind decodes for a specific carrier by limiting the number of candidates for some aggregation levels (ALs) in order to reduce the overall number of blind decodes. In [2] the example of LAA (denoted as ‘Ucell’ in [2]) was mentioned specifically, where reduction in AL candidates could make some sense. 

But not just LAA specifically, also in case of licensed band small cells this might make some sense. In the Rel. 8 design, the number of AL candidates had been chosen in order to prevent excessive blocking when trying to schedule several UEs UL and DL in a single carrier macro cell. Therefore, it has been important in the Rel. 8 design to enable the multiplexing of the DCIs of a (larger) number of UEs on PDCCH. But looking now at the situation of small cells (incl. small cells using unlicensed spectrum), the number of UEs in such small cells in general will be smaller and the number of scheduled UEs in a single small cell on average is pretty small (much smaller compared to macro cell operation). As a consequence, the reduction of AL candidates where the UL/DL grants are to be mapped should not have a strong effect on control channel blocking for small cells, which are clearly the main motivation to go for carrier aggregation enhancements up to 32CCs. 
Overall, it might not make sense to define a fixed split of the number of blind decodes over the different carriers. In case a UE is configured with a certain number of carriers, some of them being macro or micro and others being small cells (incl. LAA), it might make sense for the eNB to have the possibility to enable a larger number of AL candidates/number of blind decodes for certain cell types (e.g. macro & micro, using lower frequency bands) where potential control channel blocking might have a higher probability whereas in the worst case, only AL=4&8 or AL=8 candidates might enabled for some type of small cells (low output power, higher frequencies, incl. LAA). In that way, the eNB/network might be able to trade-off the blocking on different cell layers by allocating a certain number of blind decodes for certain cell types for even certain cells only. 

There are of course several ways how the number of BDs / AL candidates for a CC can be limited considering a target number discussed in the previous section. There could be a freely configurable AL candidate set (by the eNB) envisioned. Alternatively, there could be just a simple reduction in the AL candidates configured for the UE and the lowest ALs are removed from the legacy ones. As an example, for 12 BD candidates / 4 AL candidates only the 2 AL=4 and 2 AL=8 candidates could be utilized. 
Looking now at the operation and specification impact, this concept would still enable to schedule cells through individual grants up to 32 CCs. As a consequence, the current DCI structures can be directly reused and from control overhead point of view only grants of scheduled cells need to be transmitted. As there is still the full scheduling flexibility for each carrier separately, current eNB PDSCH scheduler implementations can be directly reused and do not need to be modified. Of course the reduction of the number of BD / AL candidates for a carrier requires specification work in order to enable the configuration of the # BD/AL candidates for each configured CC which could be done as part of the CA configuration. Moreover, the reduced number of BD will mean that higher control channel blocking for some carriers might occur which may require changes in the control channel scheduler operation at eNB side for cells operated with a smaller number of blind decodes / AL candidates. 
This could be summarized in the following observation:
Observation 1: Enabling a configurable number of BD /AL candidates per CCs can be applied to reduce the overall number of BDs. Such operation will not change the PDSCH operation flexibility and can reuse the current scheduling framework including legacy DCIs. Some specification change would be needed in order to enable the configuration of a CC specific number of BDs/AL candidates. 
2.2 Introduction of Joint Grants
The introduction of Joint Grants (JG) has been proposed e.g. in [3,4] and has been shortly discussed at RAN1#80bis. The intention of the JG basically is, to enable the scheduling of several CCs within a single joint (UL or DL) grant and thereby reducing the number of blind decodes and the effects of false-positive of DL grants. Moreover, some compact JGs scheduling several carriers will decrease the overall control channel load of the combined system considering all the CCs.
Looking at the example designs given in [3,4], the joint grant would reduce the scheduling flexibility of the carriers contained in the JG in one way or the other in order to reduce the JG size compared to just aggregating the individual grants more or less. In [3], only some limitations on the individual resource allocation are discussed but also a more course granularity of other grant components (as MCS, precoder info, HARQ info, etc.) are mentioned as well. Besides that, in [3] it is even discussed to utilize a single (legacy-type of) grant and apply the same grant information for all the carriers in the group in the same way. In [4], a very course joint grant is discussed that only enables fullband scheduling of the carriers within the grant having even joint HARQ-Ack operation in terms of only providing a single NDI for up to 32CCs. Independently, the consequence of such joint grant to be carried on (E)PDCCH would be in one way or the other to reduce the PDSCH/PUSCH utilization flexibility of the carriers included in the joint grant. 
Such a reduction in carrier operation flexibility will clearly affect the spectral efficiency / user throughput, as e.g. fully independent resource allocation and/or link adaptation and/or HARQ operation between CCs might not be possible any longer. Of course one question that comes up here now, is for which scenario(s)/bands/deployments such a joint grant for UL and joint grant for DL operation is to be optimized and therefore, in which areas flexibility can be relaxed and for which the flexibility should be retained. 
One additional aspect to consider is the coverage that joint grants can provide. As the joint grants clearly need to be larger compared to individual grants and taking the AL limitations of (E)PDCCH into account, the coverage of joint grants will be clearly lower compared to individual grants that enable a lower effective code-rate of the DCI to be transmitted. 
Both proposals in [3,4] have in common, that a certain number of carriers is still assumed to be addressable by individual grants and the other carriers to be scheduled by one or several joint grant(s). In this respect, the carriers with individual grants would still have full PDSCH and control channel flexibility (in terms of number of blind decodes). The rest of the carriers have a reduced TBS/PDSCH operation flexibility combined with a potential reduction in the blind decoding candidates of the larger joint grant (compared to legacy DCIs) as the smaller/est ALs might not be useable for joint grants. So carriers scheduled by joint grants actually have a threefold disadvantage – increased control channel blocking (and the blocking will affect a large number of carriers) due to the small number of BDs for the joint grant, reduced coverage of the larger joint grants and in addition a less efficient carrier operation (due to reduced PDSCH/PUSCH operation flexibility). Looking here now at the impacts, the network in its operation can only classify the carriers in 1st class and 2nd class carriers by fully relying on joint grants in order to reduce the number of BDs. But no trade-off depending on the joint grant design will be possible for the eNB in order to optimize its operation. 

Besides the fact, that blocking of a single joint grant affects a large(r) number of carriers some additional points should be considered with respect to fully / only relying on joint grants to extend the CA capabilities towards a very large number of CCs. Clearly LAA operation has been mentioned to be one case where joint grants could be very useful. 
When using JGs for LAA DL scheduling the same restrictions than with LAA DL cross-carrier scheduling discussed in [5] come into play, i.e. DL grants might be transmitted even though the channel is not available due to LBT, as the control information carrying the grant cannot be updated instantaneously. Moreover, in case the LAA DL joint grant is to be carried on an LAA SCell, additionally the blocked (single) scheduling cell of a JG group will prevent the transmission of control information also for the other LAA DL carriers and the same problem as in WiFi with respect to a blocked primary carrier would apply. Of course, the JG LAA DL self-scheduling could be done by repeating the control message on all the carriers of the group, but then again the advantage of the BD reduction that can be provided by a JG is (somehow) lost.
In terms of JG for LAA UL operation (preferably based on cross-carrier scheduled [5]) there are no such issues. The only problem might be, that additional multi-subframe scheduling for LAA UL due to the needed LBT might be useful and at this point of time the needed payload sizes for some multi-carrier (JG) enabling also multi-subframe LAA UL operation is unclear (i.e. if this will fit with reasonable code rate still within the supported (E)PDCCH ALs). 
Looking still at the implementation, operation and specification impact – the introduction of joint grants with reduced flexibility will clearly have rather large impacts. Firstly, from eNB perspective not only the control channel scheduler needs an update but also the data channel schedulers will need to consider several carriers jointly when deciding to schedule one or several UEs due to potential certain bundling of scheduling information of the carriers addressed by a single joint grant – basically mandating a joint optimization over several carriers potentially at different locations. From specification point of view, RAN1 would need to agree on the content of a joint grant design considering different potential deployment scenarios, frequency bands and optimization points. 
Trying to summarize the discussions on the joint grant usage, the following can be noted:
Observation 2: Joint grants can be used to reduce the number of BDs, may reduce the control channel load and enable to cross-carrier schedule a large number of carriers from a single scheduling cell. At the same time, the flexibility in independent carrier operation (resource allocation, HARQ, MCS, etc.) might need to be reduced, joint grants will have a lower coverage (due to larger size) as well as potential control channel blocking of a joint grant affecting several carriers. Moreover, the content of the joint grants will need to be agreed in RAN1 as well as joint grant operation may require joint multi-carrier data channel scheduling, resource allocation and/or link adaptation decisions. 
Further discussions on joint grants can be found in [6]. 
2.3 Overall picture
Clearly, the two methods discussed above are rather different in their approach to decrease the number of blind decodes. Whereas the ‘less blind decodes per carrier’ is not able to reduce the number of blind as aggressively, it is still able to provide much flexibility for the network to optimize its operation and still able to operate each carrier as efficient as possible. By configuring the number of blind decodes for each carrier, different operation strategies depending on the specific, local networks needs are possible. Moreover, the specification and implementation impact of such operation is rather limited. 
In contrast, the joint grant is able to reduce the number of blind decodes rather dramatically but at the same time the efficiency that LTE is known for is jeopardized. The introduction of JGs has clearly some major specification and implementation impacts. 
Moreover, when only relying on joint grants and a (small) number of carriers operated as in Rel. 10 CA, the network can only select the carriers as 1st class and 2nd (or even 3rd class) carriers – which reduces the flexibility for the network to optimize its operation. Therefore, the potential introduction of joint grants alone is clearly not desirable –if at all, it should be combined with the option of ‘less blind decodes per carrier’ in order to enable the network to choose its preferred operation mode. 
Considering the tradeoffs discussed in the contribution, we suggest the following:

Proposal: In case there is a clear need to reduce the number of blind decodes identified, then 
· Introduce a configurable CC specific restriction of the number of blind decodes/AL candidates as the main method to reduce the number of blind decodes.

· In addition, the introduction of joint grants may be considered only if justified by clear benefits. 
3
Conclusions
In this contribution we discussed decreasing the number of blind decodes for enhanced carrier aggregation operation up to 32 CCs and considered specifically two baseline options for decreasing the number of blind decodes. For these two options the following observations have been made: 
· Observation 1: Enabling a configurable number of BD /AL candidates per CCs can be applied to reduce the overall number of BDs. Such operation will not change the PDSCH operation flexibility and can reuse the current scheduling framework including legacy DCIs. Some specification change would be needed in order to enable the configuration of a CC specific number of BDs/AL candidates.

· Observation 2: Joint grants can be used to reduce the number of BDs, may reduce the control channel load and enable to cross-carrier schedule a large number of carriers from a single scheduling cell. At the same time, the flexibility in independent carrier operation (resource allocation, HARQ, MCS, etc.) might need to be reduced, joint grants will have a lower coverage (due to larger size) as well as potential control channel blocking of a joint grant affecting several carriers. Moreover, the content of the joint grants will need to be agreed in RAN1 as well as joint grant operation may require joint multi-carrier data channel scheduling, resource allocation and/or link adaptation decisions.
Leading to the following proposal: 

· Proposal: In case there is a clear need to reduce the number of blind decodes identified, then 
· Introduce a configurable CC specific restriction of the number of blind decodes/AL candidates as the main method to reduce the number of blind decodes.

· In addition, the introduction of joint grants may be considered only if justified by clear benefits. 
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